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EXECUTIYE  SUMMARY

1. The Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (Public Law
101646) established a “National Ballast Water Control Program” which in turn mandated
“Studies on Introduction of Aquatic Nuisance Species by Vessels.” One of these studies is
the Shipping Study, defined as follows: “a study to determine the need for controls on
vessels entering waters of the United States, other than the Great Lakes, to minimize the
risk of unintentional introduction and dispersal of aquatic nuisance species in those waters.
The study includes an examination of -- (A) the degree to which shipping may be a major
pathway of transmission of aquatic nuisance species in those waters; (B) possible
alternatives for controlling introduction of those species through shipping; and (C) the
feasibility of implementing regional versus national control measures.”

2. The Shipping Study commenced in December 1991 in the laboratory of Dr. James T.
Carlton,  at the Williams College - Mystic Seaport Maritime Studies Program in Mystic,
Connecticut. It was completed in April 1993. The study assumed the working name of
the “National Biological Invasions Shipping Study” or NABISS, to address the three study
elements listed above.

3. To address the above elements, we sought to address ballast water and port operations by
visits, with U.S. Coast Guard cooperation, to selected major U.S. ports and by vessel
boardings in these ports, and by a cooperative effort with United States Department of
Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) inspectors.
We determined actual ballast carried versus ballast capacity, and a wide range of other
data on routine ballasting, deballasting, and exchanging operations in time and space. We
also sought, by using these and U.S. Customs/U.S.  Census data, to estimate amounts of
ballast water arriving in United States ports, and the origin of this water.

We assessed ballast patterns in ten major commercial, hydrographic and biogeographic
regions of the United States, as follows: (1) the Gulf of Maine, (2) the mid Atlantic, (3)
the south Atlantic, (4) the eastern Gulf of Mexico, (5) the western Gulf of Mexico, (6)
southern California, (7) northern California, (8) the Pacific Northwest, (9) Alaska, and
(10) the Hawaiian Islands. Final port selection was based upon vessel traffic volume
derived from U.S. Bureau of Census data. Twenty-two ports were visited, and vessels
were boarded in 21 of these. Thus, five of the six U.S. coastlines were surveyed in this
study (the Great Lakes are omitted by definition of the Shipping Study). In all we spoke,
wrote, and worked with over 500 persons in international, national, state, and local
agencies, institutions, universities, and industry. The range of dispersal mechanisms
associated with shipping, and the resulting invasions in U.S. waters (particularly for ballast
water associated species), were determined from NABISS vessel interviews and from
literature, records, and personal observations, gathered and obtained by J. Carlton  from
1962 to 1992.

4. The historical role of vessels as dispersal agents of freshwater, brackish water, and
saltwater organisms is not well known. While the dispersal of aquatic organisms by ships
commenced many centuries ago, reliable scientific distributional data on most of these
organisms date only from the 20th century. As a result, many freshwater and marine
biogeographers and systematists have classically viewed, and continue to view, many
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dist~b~tiuns  of plank and animals  as ~natura~  if clear  e~den~ of human-altered
d~t~but~un  patterns is pacing-

5. There have been and are hundr~  of types of watercraft uperat~ng  upon the world’s
canals, rivers, lakes, and ~a~. Vessels ran~ng  frum rafts, duguu~~  skiffs, and canon to
bulk cagers oil tanker, and aircraft carriers are ~pab~e of tra~port~ng urganjsms  from
one body of water to anut~er and from one ~ntinent  to anuther-  There are three maj6r
di~iuns: Passenger  wsse~s,  including  p~enger  liners, ferries, and excu~ion boats, carg@
vessels, ~nc~ud~ng  bulk ca~e~, ~nta~ner  shjps,  and tanker, and ~Pecj~~jzg~  vessels,
~c~uding  barges thing vessds, and sem~subme~ib~e  e~~urato~  damping  p~atfu~. A
ship may be viewed as a ~iu~ug~ca~  beans with urganis~ u~ur~ng  on the outsides  on tie
inside, and aboard the vessel.

Fouling  ur~anis~ ~~~ufuu~ing”~  u~ur on the hull, udders  and prupe~~er  of modem
vessels. Hull  Sudan ~tu~ca~~y  develops  m~sive fuu~ing  ~mrnuniti~~  with layers of
se~qu~r~, hydropic  and seaweeds a third of a meter or mure thick. Such cumm~n~ties  on
ships appear to be rare now.  Since Wur~d  War IX, hearty fuu~ed  barges may repr~ent the
mudem-day ana~ogue  of older fuu~~ ships, Burin~  ur~an~sms  attack wooden structures
below the low tide line (on fried st~ctur~~  and be~uw waterline  fun ~uat~ng  struct~res~
such as wuod floats and v~se~s~.  Wood  borers include  sh~pwu~s ~wh~ch are won-
shaped bivalve  rnu~~~~  related to clams and rn~se~s~  and tiny isupud crusta~ans known
as gribb~~.  Until  the end of the 19th centu~,  shipwurms and gabble were globally
distributed  by shipping. remanning wooden vessels at the end of the 20th centu~  include
h~sturic  vessek ~thuse  in the Waters  at ma~time  m~eurns~  tall ships still actively  sailing,
wuoden-hulked  naval minesweeper,  and many smarter ~shing  and r~reatjona~ vessels.
Wooden yachts infected  with sh~pwo~s in trupica~  water may carry such species north to
colder water,  and ~nf~tatiuns  may result ~th~n the thermal ef~uen~  of power plants.
Thus tropical  shjpwurms  have appeared in the warm-water ef~uents of power plants in
~amegat Bay* New Jersey and in Lung island  Sound at Waterfurd~  ~nnecticut.  The
e~er~or  of vessels has thus h~turica~~y  pru~ded perhaps the ~ong~t  term, most
fundamental  vector for the dispe~a~  of Maine urganisms.

The modern-day manifestation and importance of this phenomenon are d~f~cu~t  to assess
fur several reasuns: (I) change  in shipping  over the past ~ntu~  ~d~scussed  be~uw~ wound
scent  that the preduminan~  of hull fuu~jng  ~mmuniti~  inay have declined,  (2) there
are few modern pust-transpo~ studies of ship-fuu~~ng  communjties~  and (3) there is
~nsjderab~e dif~cu~~ in distjng~~shing  the rule of ship fu~~jng  frum ship ba~~ast water as
the effective  dispe~a~  agent for some species, Change  in shipping  relative to the role of
vessels in tra~purt~ng Maine urgan~ms  ~nc~ude ~~~e~~~~  ~~~~e~  s~~~~~,  ~~cr~~~~~  ~u~
res~~e~~,  ~~~re~se~  use ~~ e~c~~ of r~~~ ~~~~u~~~~~~~~rs,  ~~ ~~~re~se~  ~e~~e~~ uf
~~~~  c~~~~~~~ However, other phenumena  su~~t that ship-mutated dispe~a~  of fobbing
organisms may still occur on a regdar basis. ~uu~ed,  s~uw-mu~ng  vessels and structure
such as barges and ~uating  dry docks still move across the wur~d’s uceans~ certain fouling
urganisms have evu~ved  a r~~tance  to ~~~er-b~ed antifou~ing  canny and greater vessel
speeds may decrease murta~iti~  of estuarine urgan~~ in the open ucean.  These and
other factor surest  that fuu~ed  ship buttu~  and sea’ch~~  cuuld  still play an ~mpu~ant
rule in the intruduct~un  of exutic species to ~er~can  shores.
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6. For all modem ocean-going vessels, ballast is water taken aboard to stabilize the vessel at
sea and for a variety of other purposes. The type of water ballasted is whatever water the
vessel is in at the .time  of ballasting. Water may be fresh (0.5 parts per thousand (o/00)
dissolved salts or less), brackish (salt levels ranging from 0.5 to 30 o/00)  or salt (30 u/o0 or
greater). Most ballast water will naturally contain living organisms and varying amounts
(loads) of dissolved and suspended organic and inorganic compounds -- in short, whatever
is in the water under the ship at the time of ballasting. Regular transoceanic and
interoceanic use of ballast water commenced in the 188Os,  although it is probable that it
was not until during and after World War II that ballast water in appreciable volumes
began to be moved around the world.

7. Ballast water is pumped aboard a vessel from several meters below the water line with
dedicated ballast pumps. The same pump and the same external hull openings are used
to take water into (fill or ballast) and remove (discharge or deballast) water from a vessel.
‘The ballast intake is covered with a steel plate (a grate or strainer) with numeruus holes
of 1.0 to 1.5 cm diameter. Water may be gravitated in or out of a particular tank or hold.
Many container ships have what may be the most advanced computer-interfaced ballasting
operations of any modern commercial seagoing vessel, with ballasting requirements being
automatically determined based upon changing cargo loads. A vessel may have water from
multiple sources, unmixed and mixed within the ship, with different water in different
tanks. Biologically, this translates to the vessel potentially accumulating organisms from
multiple ballastings at many sites. Container ships represent perhaps one of the best
examples of the constant -- virtually daily -- movements of ballast water, typically taking up
and discharging some quantity of water, in a “Johnny Appleseed” (“Johnny Clamseed”)
fashion, wherever they go. The movement and release patterns of ballast water are such
that no coastal sites, whether they receive direct shipping or not, are immune to ballast-
mediated invasions.

8. Water is carried by a vast variety of vessels and held in an impressive variety of tanks or
holds. The advent of segregated  and dedicated ballast tanks came about through national
and international efforts to reduce the discharge of oily ballast in the ocean. Segregated
ballast tanks are those in which only water is carried; these always have separate ballast
piping. Dedicated ballast tanks are unaltered cargo tanks used exclusively for ballast.
Permanent or semi-permanent ballast may be water ballast that is rarely changed.

9. Ballast capacity can range from hundreds of gallons in sailing boats and fishing boats to
tens of millions of gallons in commercial cargo carriers. An ore carrier travelling from
Europe to Brazil may carry up to 120,000 MT (about 32,000,OOO gallons) of ballast water.
Tankers with similar ballast capacity travel to Valdez. Large cargo vessels in the
Australian trade can have ballast water capacities of 140,000 tons (about 37,000,000
gallons). A large oil tanker travelling from North America back to the Persian Gulf could
have 280,000 tons of ballast water (in ballast and in cargo tanks) -- or about 74,000,OOO
gallons of water.

10. Vessels are said to be in ballast when they have ballast water and no cargo aboard. A
vessel is with ballast when cargo and some ballast water are aboard. Vessels on their
“ballast leg” normally carry the most ballast water. Vessels on their “cargo leg” may also
have ballast water, with amounts varying relative to the needs to provide stability for the
vessel. Inbound vessels that have released their ballast water prior to or during cargo
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loadings  and outbound vessels with full cargo loads, may have su~cient~y  little ballast on
board that the mariner would report a ba~!asting  ~nditiun  of “P&I Ballast on Board” even
when small amuun~ remain. abbe the amount  of unpumped or ~npumpab~e  water, or
of trim water in a ~uaded  vessel, may be only  in the hundr~ or thu~an~  of tons, from
the point of view of a marine b~u~ug~t  these vu~~rn~  of water (tens of thu~an~  to
hundred of thu~an~  of ga~~uns~  may still be of su~cient quanti~ tu support an
abundant and diverse ~semb~age  of living urganis~*  It may be taken as a general rul&
that, with rare ex~pt~un~  quarry  aII vessels have sume ballast water aboard all of the
time.

11. U- S, Cutup and port records do nut notably  recurd  the amuun~ of ballast water
caamed when v~s~ba~~~t”~  and quarry  ~re~rd the presence of bandit
water at aI1 when vessels are “with ba~~~tN.  We refer to vessels in ballast, as reported in
government records, as ha~ng ~~~~~~edged  b~~~~sr;  vessels with bandit have
~~~~~~~~ed~ed  b~~~ffs~*  Comic b~~~~~~  is thus ~nac~uw~edged  ba~~~t~ unpumpab~e
ba~~~t~ repurt~ “no bandit  on boars when there is water pr~ent,  and ballast  water on
board vessels nut r~rded  by government records, such as mi~ita~  vessels..

12. AImust  all vessels ever sarnp~~  in Canadjan,  A~tra~ian, and U.S. studio  have been fuund
to ~ntain  living urgan~s~.  There is nuw no qu~tion that bandit water pro~d~  a viable
in-transit  habitat fur a wide vanes of fr~hwater~  brac~sh Waters  and Maine organist=
The potentja~  dive~i~ of ~a~~~tab~e biuta” is often nut achy appreciated.  Virtually  aII
aquatic urgan~s~  that can occur in the water ~~urnn,  actively  or p~sive~y,  or be stirred
up frum bottom sed~rnen~~  or ebbed  uff harbor pi~jngs~  could be balloted into a vessel.
Bacterja and ~~~ have also been found in bandit  tank sarnp~~- We ~timate that more
than 500 di~erent species of animal ~zuup~ankton  and benthus~  and ~p~an~#
~dino~age~~ates  and algae) have now been found in ballast water. This number may well
corr~pund to the number of species ~~*~ff~i~  in tho~ands of vessels around the wurld  0~
any une dam.

13. The release of species into the en~runment  during deba~~~ting  leads to differential
su~va~ of the species invu~ved.  The greater the temperature d~~erences  be~een  donor
~suurce~  and receiver ~target~  regions  the greater the probabi~j~  of high morta~it~~.  Thus
most urganis~  from trupica~  ports will not suave or reproduce in temperate or boreal
ports, and ~~-ve~a- ~~ptiuns  occur where trupica~  and subtropical  species are
transported tu and estab~~h  reproducing popu~atjons  in power plants  thermal  ef~uen~, a
phenomenon we~~-~o~  in Europe and North Mecca-  However, many other variably
in addition to temperature mediate the potential  su~va~ of newsy-released  organisms~
Thus even when and where temperature  are similar  be~een  the ballast  water and
recei~ng waters, sayings,  u~gen, light, food, and many other factor may be inhospitable
or ~~rnjting,  A very small number, perhaps less than three percent, uf all species released
by must trans~o~ mechan~ms  ~inc~ud~ng  ballast Waters  actually become  established  in new
regions. As demo~trat~  by the zebra mussel  and many uther ~mpo~ant  invaders
however, the ~~~be~  ~~j~~~~~ed  s~e~je~  is nut related to their en~runmenta~  or societal
impact. Only  one su~~fu~ invader is r~uir~ to dramatically  alter the en~runment.

14. Suspended mate~a~s  may be taken abuard intu bandit  sited  with water from any
~ucation-  These mate~a~ may then settle in ballasts  cargo holds and in ballast tanks. In
cargu  holds such mate~a~s  may be ~rnbin~  ~th r~idua~  cargu~ such as wuudchip fibers
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and fragments, to form a combined bottom layer (a “sludge”) of chips and sediment. In
ballast tanks sediments may accumulate as a mud layer. In ground-breaking Australian
studies, Williams et al. (1988) reported the presence of shrimps, crabs, worms and other
marine organisms in ballast tank muds. Subsequent extensive work in Australia has
demonstrated that over 65 percent of cargo vessels may carry significant amounts of
sediments in their ballast systems, and that these sediments may contain the abundant
resting stage-s (cysts) of microscopic toxic marine plants (dinoflagellates, members of the
phytoplankton) that can cause harmful algal blooms such as red tides.

15. Most vessels keep some type of record of ballasting operations, but there is no uniform
industry standard.

16. In tankers, acknowledged ballast is highest at Los Angeles/Long Beach, with a total of
over 3,OOO,OOO metric tons (790,500,ooO  gallons) arriving in 1991. Remaining ports/port
systems among the top five are New Orleans, Houston/Galveston, Anchorage, and New
York. In bulk cargo vessels acknowledged ballast is highest at New Orleans, with a total of
over 12,OOO,OOO MT (3,160,000,000  gallons) of water arriving in 1991, followed by Norfolk
with over 9,OOO,OOO MT (2,37O,OOO,ooO  gallons) of water. All other ports receive far
smaller amounts, with the next four highest ports/port systems being Baltimore, Los
Angeles/Long Beach, Seattlenacoma,  and Houston/Galveston. Within general cargo
vessel traffic, the top five sites are New Orleans, Houston/Galveston, Miami, Tampa, and
Savannah. Thus, ports along the Atlantic, Gulf, Pacific, and Alaskan coasts all rank in the
top six ports/port systems for the three types combined. On the Pacific coast, Los
Angeles/Long Beach and Tacoma/Seattle are among the top tanker and bulker ports,
respectively, receiving ballast water (no Pacific port is high among general cargo vessels,
with Los Angeles ranking seventh in this category). On the Gulf coast, both Houston and
New Orleans rank in the top five within all three vessel types, with Tampa also in the top
five for general cargo carriers reported in ballast. On the Atlantic coast, different ports
rank high relative to vessel type: New York for tankers, Norfolk and Baltimore for
bulkers, and Miami and Savannah for general cargo. On the Alaskan coast, Anchorage
ranks fourth overall for tankers.

New Orleans, with an estimated 13,484,OOO  MT (3,553,000,000  gallons), thus ranks as the
number 1 U.S. port in terms of acknowledged ballast received from all three ship types
noted above. Norfolk ranks second with an estimated 9,325,OOO  MT (2,457,138,000
gallons) of water received. Los Angeles/Long Beach is third with 5,878,OOO MT
(1,548,853,000  gallons), Houston is fourth with 3,239,OOO  MT (853,477,OOO  gallons), and
Baltimore is fifth with 2,834,OOO  gallons (746,759,OOO gallons).

17. Total acknowledged ballast arriving in U.S. waters in 1991 in bulk carriers, tankers, and
general cargo from foreign ports is thus estimated to be as follows:

Acknowledged ballast water in tankers: 6,369,206  metric tons
G Acknowledged ballast water in bulkers: 36,342,197  metric tons

Acknowledged ballast water in general cargo: 958,424 metric tons
Total: 43669,827 metric tons

(11,507,000,000  gallons)

18. To assess the potential role of unacknowledged ballast water, we analyzed three vessel
types -- bulkers, containers, and tankers -- in five ports chosen to represent the East, Gulf,
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and West coasts ~Ba~timure  and No~o~k~  New Orleans, and San Francis and Oa~and~.
The quantiti~  of ballast water along  in the Unjted  States with vessels in carp0 are
~~iderab~e:  an ~t~mated  6,~~~  MT ~1,7~~~  ga~~u~~  of water enter by this route
alune,  or appru~mate~y  13 percent of the total vu~ume  of ac~uw~edged and
unac~uw~~ged  water ~rnb~~-  gust  1.75 b~iun  Gallup of water arrive yearly  by this
ruute in the three vessel types in the Eve ports stud~~, New Or~ea~ again ranks as the
largest among these Eve ports in receipt of unac~uw~edg~ ba~~ast water. Norfo~k~ i
Ba~timure~  and Oa~and~  are close behinds  with San Franc~~ re~i~ng  a much smaIIer
~actjun=  Fur tankers unac~uw~edged  ballast signi~cant~y  exceeds ac~uw~edged ballast
in Ba~timure.  ~ntainer  ships ~nta~n only unac~uw~edg~ ballast. Ac~ow~edged ballast
in bulkers  always exceeds unac~ow~~ged bandit  where signj~cant  amuun~ are ~nvu~ved~
but unac~ow~edged  ballast can nunethe~~s  be in ~~u~ca~~y  si~i~cant  quantjties.

,

19. Based upon the above ~timat~  of both ac~uw~edged  and unac~ow~edged water, it is
~ssjb~e to ~timate  the amuu~t  of bandit  water along  in the United States in vessels
from foreign ports (based upon 1991 data). There are 226 U. S. ports that receive vessel
traf~c from foreign ports; we examined  in detail 22 of these ports. The amount of water
ente~ng the remaining 205 ports is thus nut ~u~* We have ~nse~ative~y  ~timated the
impact of bu~ke~,  tanke~~  and ge~era~  cargo vessels aping from foreign ports in cargo
~unac~uw~edg~  ba~~~t~  and ~thuut  cargu ~ac~uw~edged  ba~~~t~  at these ports by
fuming that une-half ~1~~ of the ports receives at least 10 percent (that is, 239~4~  MT)
of the average volume  of the @tzJ ac~uw~edged  and unac~uw~edged  ba~~ast water at
each uf the 21 ports that  is, 2,394~~  MT). We ~sume this is a ~nse~at~ve ~t~mate.
There are in add~t~on  more than 25 other types of can-gong  vessels in the fure~gn
traf~c that visit U.S. water-  We fumed that all of these remajnjng  vessels release at
ieast 10 percent of the total volume of ac~uw~edged  and unac~ow~edged ballast as
calculated  fur the 21 ports fur bucket,  tankers general  cargu, and container ships; this too
we assume to be an under~timate.

20. These ~t~mates  indicate  that appro~mate~y  79,~,~ met~c  tons, or almost
2~,~~~~~ ga~~ons  of ballast watery arrive ever year in U.S. water in vessels from
foreign ports. This is about 58,~,~ gallons  per day, or over 2~4~~~  ga~~uns an hour,

2 1. Where does the ballast water cume  frump  Last port of caII ~LPOC~  data are avai~ab~e  (by
wurld  port codes) through US. ~nsus  Bureau “Vessel ~jva~ data.

LPOCs for New Yark, Cha~~e~~~n,  Savannah, and Mja~~  are predumjnate~y  either
the ~~~h~~~ ~~~~~~jc  ~w~tern  Europe and ad~a~nt regiuns~  or the We~~e~
Central ~~~a~~jc  ~Bermuda~  Bahamas, Caribbean, the Gulf of Me~~, Atlantic
Me~~  and Central ~erjca,  and northeastern South ~e~ca~.  Fur New Yurk
these number  are hea~~y ~n~uen~d  by passenger vessel traf~c from Be~uda~
Vessel traffic fur Miami is ~rnp~ete~y  dumjnated  by cruise ships ~rn~ng  from the
Bahama and Haiti. LPOCs  for B~~~~~ are the N~~hwe~~  A~~a~~je  ~Canada~ and
the lushest ~~~~~~jc,  fu~~uwed  by the W~s~~~  Central A~~~~~je-  LPOCs fur
B~~~jrn~~  and ~~~~~k are the ~~~h~st At~a~tj~ and the ~~djt~~~~~~a~k
Sea region. All but Char~~tun  SC receive regular vessel traffic djrect~y  from the
Pacific ache ~Char~~tun  receives sume Paci~c vessel trance but too rare to
appear in our subsamp~e  of 1991 data~. New Yurk, Nurfo~k, and Char~~tun also
receive sume ~~dja~ ~~~a~ traf~c-  All five East Coast  ports receive vessels ca~~~ng
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from the Mediferraneatilack  Sea regions.

All four Gulf ports, Tampa, New Orleans, Houston, and Galveston, have LPOCs
from the Western Central Atlantic (described above under Atlantic Coast Ports).
For Galveston this number is heavily dominated by vessels from the “High Seas”
reflecting in large part back-and-forth traffic of the passenger vessels. For New
Orleans the LPOCs include vessels from the Northeast Atlantic and from the
Mediterranean/Black Sea. Tampa LPOCs include trafftc from the Northeast
Atlantic as well. All four Gulf ports receive traffic from the Pacific and Indian
Oceans, as well as from the Mediterranean/Black Sea.

San Diego, Lang  Beach, and Los Angeles are predictably dominated by Pacific Rim
traffic. LPOCs for San Diego are almost entirely from the Eastern Central Pacific
(western Mexico and central America, and northwestern South America); most of
this traffic consists of passenger/RoRJ vessels running on regular trips between the
Mexican west coast and San Diego. LPOCs for Los Angeles also show a strong
western Mexico signature, with some traffic from the Northwest Paciiic  (primarily
Japan, Korea, and China, and Hong Kong). Long Beach, adjacent to Los
Angeles, shows a distinct and reversed pattern, with the Northwest Pacific ranking
well above the Eastern Central Pacific (this is a reflection of the passenger traffic
into Los Angeles). All three ports receive some Atlantic traffic; of interest is
some direct traffic from the Great Lakes arriving in the Port of Los Angeles.

Oakland and San Francisco, Portland, and Tacoma-Seattle are similarly dominated
by Pacific Rim traffic. Traffic from either the Northwest Pacific or the Northeast
Pacific dominate at all ports except for Oakland, which shows a small amount of
Western Central Pacific activity (note the total number of vessels is small,
however, and thus this number is based upon only two vessels). Northwest Pacific
traffic (primarily Japan and Korea) dominates at Portland. Canadian traffic adds
to this pattern strongly in Tacoma and Seattle. All but Oakland record Atlantic
traffic. Oakland may of course still receive Atlantic ballast water -- container ships
arriving in Oakland from the Atlantic coast (and with Atlantic water) will often
have an LPOC of San Diego or LA/Long Beach, “hiding” their previous Atlantic
history.

Anchorage vessel traffic is dominated by traffic from Japan and Korea and other
Northwest Pacific ports. These are, in large part, fshing vessels.

Honolulu is similarly dominated by Japanese traffic, with total Northwest Pacific
accounting for the majority of all LPOCs. These are primarily fishing vessels.
Remaining traffic of appreciable volume comes from the Eastern Central Pacific
and from the Southwest Pacific. Small amounts of traffic come from the Atlantic

I Ocean.

22. The ports of Baltimore, Norfolk, New Orleans, San Francisco, and Oakland, were
examined to derive a picture of the impact of in cargo vessels from foreign ports on LPOC
diversity (on the assumption that most or all of these vessels arrive with ballast, or at least
with “unpumpable” ballast on board, which, by mixture with newly pumped water and
subsequent discharge may still lead to the release of foreign species). In addition, we
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subsamp~~  these ports to examine  some dum~tic  vessel tra~c, both in and with bandit.
While Baltimore  and Nu~u~k  share 18 LPOCs, each one a p~sib~e  source of ballast
water, Nu~u~k  receives sopping  from $5 LPOCs that Ba~tjmore  dues nut, while Ba~tjmure
receives shopping  from 17 LPOC that Nu~u~k  does nut. The ~mbined  a~jva~s of
Ba~timure  and Nurfu~ results in the Ch~apeake Bay ruing shipping  from 50 dj~erent
LPOCs. The number of LPOCs fur each port ~~jder~  separately would be 35 LPOC
(18 spun + 17 d~t~nct~  fur Ba~t~ure  and 33 LPOC (18 spun + 15 dist~nct~  fu?
Nu~u~k.  ~j~e Baltimore  and Nurfo~k are two  of the major ports in Ch~apeake Bay9
there are at least  ten other Detect Ports covered by Cutup in the Bay area; thus, the
actual num~r of pu~ib~e  LPOCs is ~ke~y  to be ~~jderab~y larger than 50. The number
af burl of a~~o~~~d~~ bandit  ~that is, vessels from fure~~ ports in ba~~~t~  ente~ng
Ch~apeake Bay is 26 (9 in ~mmun + 17 d~tinct~.  The number of d~tjnct
~~ae~~w~~g~  LPO~s (that is, vessels from foreign ports in cargu~ for the two ports
~~~der~  is 24, 15 of which are unjque  LPOCs. This incre~e in LPOCS by adding
furei~ in cargo traffic Evans the putentia~  suurce region uf nun~ndjgeno~  specie,
since many in cargo vessels are also with ballast. Fur San Francis  - Oa~and~  the forest
in cargu LPOCs a~unt  fur 18 of 22 different  LPOCs fur that port s~tem, as e~~ained
above. Unac~ow~edged bandit  here may thus play a pa~icu~ar~y  si~i~cant  role. As with
Ch~apeake Bayp the San Francis  Bay s~tem jnc~ud~  other signi~cant  large purts, such
as those’at Sacramento (a large woudch~p  eluders and Stockton, and thus the actual
number of LPOCs in the San Francis~  Bay s~tem is duubt~~s  much greater.

23. Dom~tic traffSc  for the At~antjc ports of Ba~t~mure  and Nu~o~k  urns from the At~antjc
regiun,  while  New Or~eans picks up a sman amount of Pacific traf~c as well.  The amount
of At~antjc  vessel traf~c along  in San Francisco Bay is d~f~cu~t  to determine, as LPOC
data are biased by At~antjc purts ~disappea~ng~  from the record when an Atlantic  vessel
passes through a southern California  port, as noted above fur Oa~and. The impo~ance
of the sauce of b~~~~s~  corer on boards  as ~mpared  to LPOC, is thus particularly
underscored by this phenumenun.

24. Huw guud an indicator is LPOC of actual sours of ballast water un board? We analyzed
data to ~tab~ish  the re~at~unshjp  be~een  LPOC and suurce of ballast on board. In the
r~trjcted  terms of the LPOC itself, the LPOC is a poor predictor  of ballast water source.
Fur 53 percent of aI! vessels, there is no ballast water on board from the last port of call;
this number reaches 66 percent fur ~nta~ner  shjps!  ~ceptio~  wound  occur on some
dedicated traf~c lines, such as the wuudchip bucket leaving Japanese ports in ballast fur
Canada, the United Stats, Tahiti, A~tra~ia~ and other ~untrjes  ~a~thuugh  with these
vessels as well a ~rtain amount of ballast water may come from uffshure Japan and from
the mid u~an~.  hen LPOCs are e~anded  into more general Food and Agriculture
Organization  regions of the wur~~s u~ans, the re~at~unshjp  is ~nsjderab~y ~mpruved~  with
66 percent of all vessels ha~ng at least sume or all of their water from the LPOC,
reaching  a high of 84 per~nt  with ~ntainer ships (but a low of 33 percent fur tankers.

25, Bju~o~ca~  inv~~ons  in aquatic en~runmen~  fr~uent~y have profound ecu~u~ca~~
e~numic~  and social  ~nsequen~.  Nut all invasion  have stri~ng  negative effects. Many
~vasiuns appear to have little  ub~u~  frequent  when ~~idered  in any sense, and
sume  jnv~juns have had strung positive ~numic  impact  (such as the edible Japanese
~tt~eneck  clam  ~e~e~~~ ~~j~~~j~~~~, introduced a~~denta~~y  with utter, in the Pacj~c
Nurthw~t~. But the number of nunindigenu~ species that have become predator,
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competitors, and disturbers, the number of invading phytoplankters that cause toxic and
harmful algal blooms, and the number of invaders that are parasites, pathogens, and other
disease-causing agents of fish, shellfsh, and humans, sets the stage fur vector management.
When and why invasions occur and the ability to recognize invaders are an integral part of
this management foundation. Dramatic global ballast-mediated invasions in the 1980s
have sparked a good deal of discussion as to why ballast water would or could play a
greater role in the dispersal of nonindigenous species than it had previously. The Great
Lakes were invaded by the zebra mussel Dreissena nolvmornha  and five other species of
European freshwater organisms; the U.S. Atlantic coast was invaded by the Japanese crab
Hemigransus  sanguineus; U.S. Pacific coast estuaries were invaded by Chinese and
Japanese copepods, amphipods, other crustaceans, and the clam Potamucorbula amurensis;
Australia was invaded by Japanese dinoflagellates, and the Black Sea was invaded by
American comb jellyfish. Scores of other invasions were reported as well. A global
epidemic of phytoplankton blooms is now occurring (Smayda, 1990) and ballast water has
played a clear role in some of these events (Baldwin, 1992: Chapman et al., 1993). These
intensive patterns of invasion would lead to the prediction that additional invasions are
now occurring, and will certainly occur, in the future, if the hypothesized mechanism of
transport, ballast water and sediments, continues -- that is, if the faucet is not shut off or
the leak not significantly reduced in some manner. However, as Carlton  (1992b) has
noted, “Predictions of what species will invade, and where and when invasions will occur,
remain one of the more elusive aspects of biological invasion science.” Why, for example,
the zebra mussel successfully colonized Lake St. Clair and Lake Erie about 1986 (to be
discovered two years later), remains unknown. Speculations that the zebra mussel was a
candidate for introduction to North America have been made every decade since the
1920s. But by May 1988 (one month before the discovery of zebra mussels), and with the
apparent failure of the mussel to appear in America, one potential conclusion would have
been that the American environment was in some manner inhospitable to the zebra
mussel, given the probability that it had .been transported and released in America on
more than one occasion by any of a number of transoceanic dispersal mechanisms. Six
hypotheses, relative to changes in donor region, new donor regions, changes in the
recipient region, invasion windows, changes in the dispersal vector and inoculation
frequency, and stochastic population-inoculation events, all seek to contribute to our
understanding of why invasions occur when they do.

’
. .

26. A total of 103 aquatic species are identified as having been introduced to or within the
United States by ballast water and/or other mechanisms. Twenty-nine species are native
to America and have been transported within the United States; of these, 21 are probable
ballast water species. Seventy-four species are foreign (not native to the United States).
Of these, 16 are found in the Great Lakes. Total marine foreign ballast water possible
and probable introductions number some 57 species. There is no doubt that this number
represents a significant underestimate of the actual number of ballast mediated
introductions.

27: Shipping from domestic and foreign ports can transport nonindigenous organisms not only
to coastal seaports in America’s brackish and marine waters, but also to inland ports in the
National Waterway System (NWS). Much of the NWS includes the Gulf and Atlantic
Intracoastal Waterway Systems, and thus many of the seaports discussed elsewhere in this
report. Ocean-going deep-water vessels can, however, penetrate into major U.S.
waterways other than the Great Lakes. Freshwater or euryhaline brackish organisms

xxiii



~capab~e  of su~~ng  if nut reproducing in fr~hwater as adults can be tra~po~ed  up
river as fuu~~ng or ballast water urgan~m~.  From  these ports ~mmercia~ barges, ferries,
r~~atjuna~  bua& and a host of uther vessels can transpu~ nunjndigenu~  species wel
abe areas na~gab~e by deep water vessels. Thus, barge and other vessel traffic can in
theory muve organisms as far north as St. Paul-Minneapo~~  on the Mississippi  River, as
weU as tu other deep eland ports up the M~uu~, ~~~inu~,  Oh~u,  Cumber~and~  Tenn~~ee,
Tumbigb~~  ~abama, ~ka~~, Black, Red, and Atchafa~aya  Rivers- Simi~ar~y~  nun-u~ean
guing traffic can mute urgan~~ east of ~bany up thruugh the New York State Barge
Canal, ur north and east of Ch~apeake Bay through the S~quehanna River.

Many inland ports are now highly  rnudi~~ urbanj~-~nd~t~a~iz~  en~runmen~* with the
native biuta bng since largely e~jrn~nat~.  Such en~ronmen~  are often ~nducive  to
jnv~iuns by nun~ndjgenu~  species- It is clear that there are numeru~  polar into the
~e~can heartland. bike fr~hwater organisms released in ballast water can gain access
to the Great Lakes, the same holds  true fur urgan~~ released into the fI~hwater  rivers
and ports listed  above. As “back duu~’ to the Great Lakes and other inland  water bodjes~
these ~~idu~  remain ~tentia~  ~ndui~  fur ~v~iu~.

28, The ph~u~phy of bandit  water and sedjment  management is similar  to the basic
ph~~usuphy  of quarantine scien~  in general:  ballast management should  seek to prevent

~

the ~truductiun  of all organisms, ran~ng  from bacte~a and viruses to algae, higher  plants,
~nve~ebrat~, fish, and all other entrained life. An impu~ant ~ro~~a~ to this philosophy  is
that m m ~~ ~~~~~  is likely to satin this management phi~usophy. It is not
appropriate tu single out one a~ternatjve  as “the must” ~jke~y or viable -- rather, a s~thetic
appruach~  choosing a number  of alternative sirnu~tan~~~y  from a broad menu of
puss~b~~iti~~  will  eventually  rn~rn~ze  the strength of bandit  management. We examjne
here 32 untrue  a~temativ~.  These are as fondue:

i ON OR BATON D~P~TU~  DOOM PO~T-O~-B~~~T WATTS OUGHT
Water Su~~~v:  Uptake
l* Specialized  Shore Faci~i~  Pru~d~ Treated Salt or Fresh Water
2. Port Pru~d~  City Fresh Water
Prevention of Organism  Intake: Ballasting  Mjcrumana~ement .
3. Site: Do Nut Ballast  in ~G~oba~  Hot Spur” *
4. Site: Do Nut Bandit  Water with High Sediment  Loads
5* Site: Do Nut Ballast Water in beg uf Sewage Discharge

or bud Disease incident
6. Site~jme: Do Nut Ballast  at ~rtain  Sites at ~rta~n Times of Year
7, Sjte~ime~ Do Nut Bandit  at Njght
Preventiun uf Organism  Intake: Mechanical
8. F~~tratiun
~e~inat~un  of Or~anjsms  UDun Ba~~astjn~  ~Ba~~ast  Treatments
9, Mechanical  Agitatju~

%
Water Ve~~j~
Water ~itatiun  Mechan~is~

lO* ~te~ng Water Sa~ini~

t
Add Fresh Water to Salt Water
Add Salt Water to Fresh Water
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11. Optical: Ultraviolet Treatment
12. Acoustics (Sonic): Ultrasonics Treatment

II ON DEPARTURE AND/OR WHILE UNDERWAY (EN ROUTE)
Extermination of Organisms After Ballasting
(while at Port-of-Origin or while underway, but before arrival at destination port)
Active Disinfection (Ballast Treatment):
13. Tank Wall Coatings
14. Chemical Biocides
15. Ozonation
16. Thermal Treatment
17. Electrical Treatment (including microwaves)
18. Oxygen Deprivation
19. Filtration/Ultraviolet/ultrasonics Underway
20. Altering Water Salinity: Partial Exchange

Passive Disinfection:
21. Increase Length of Voyage
22. Exchange (Deballast/Reballast)
23. Sediment Removal and at Sea Disposal
Deballastine Only
24. Deballast/No  Reballasting

III
25.

BACK UP ZONES
Exchange or Deballast

Iv ON ARRIVAL AT BALLAST DISCHARGE DESTINATION PORT
Water Supplv: Discharge
26. Shore Facility Receives Treated and Untreated Water
Prevention of Discharge to Environment
27. Discharge to Existing Sewage Treatment Facilities
28. Discharge to Reception Vessel
29. Sediment Removal and Onshore Disposal
30. In situ Extermination of Organisms Upon Arrival (Options 8, 11, 14)
Non-Discharee
31. Non-Discharge of Ballast Water

V RETURN TO SEA: EXCHANGE WATER
32. Vessel Returns to Sea and Undertakes Exchange

29. Based upon the analyses in this Study, those alternatives that options that are most likely
to be pursued for further study are:

: Reventiim  of Orgonirm  Inlake
Options 3-7 Ballasting Micromanagement

Removal andfor  Exieminatbn  of Organisms
Options 7 and 19 Microfiltration
Option 11 Ultraviolet Treatment
Option 12 Ultrasonics Treatment
Option 16 Thermal Treatment (more probable for new vessel designs)
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30.

Options 10 and 20 ~tering  Water Sa~jnj~
Optiu~ 23 and 29 Sedjment  Management

~~~ ~~~ Wafer ~~~
Option 24 Deba~~~t~u Reba~~ting
Option 22 ~change
Option 25 Back Up any: Deba~~~t  or ~change
Option 28 Discharge ~u~uad~  to Re~ptiun  Vessel i

Option 31 Nun-D~charge  of Water
Optjun  32 Return to Sea: Deba~~~~u  Reba~~~ting  or ~change

In order to decrease the number of ~troductiu~  in the future, a ~mprehe~ive  s~tem of
ballast management could be ~~jder~.  This s~tem could  be based as much as possible
upon shut-tee pu~uab~e  uptiu~ -- that is, those suitable  fur eating  vessels. Must
proposed ~a~temativ~”  or #uptiu~~  are nut ~rnrn~jate~y app~jcab~e  to pr~ent  day ships.
The invocatjun  uf titration,  or heating~  or other #~~iqu~~  may be appropriate fur
vessels  of the future neither  retru~tted or newt, but offer little immediate so~utiun  fur p. .;c; J

present day shipping. An ~~~G~~D BLEST  ~AGEME~ ~~BM~ pru~am is
proposed here as a~

i

a )r management s~tem. This Pru~am jn~rporat~ no new
techno~ugies~  it dues ~nco~urate  new pru~a~~ such as the G~uba~ Hut Spot Programs  the

~aboratu~es-  IBM is a t~chotumu~  program cons~tjng  of:
establishment  of back-up exchange any, and the ~tab~ishment  of bio~ogjca~  munito~ng

(1) Ballast  Mi~r~managem~at  at the Departs  Part
(2) Ballast Water ~~hange P~t~~~s
(3) Ballast  Sediment Managemeat  P~g~rn

A vessel fol~u~ng  through depa~ure’micromanagement  and exchange pathway is .
assigned an un-arrival  status in one of four categoric:
~~~~~ PI A vessel pruhjbjted  from discharging its ballast water
~~~ (a> A vessel prohibited from discharging ba’tlast until  exchange stats

has been determined  from sa~jnj~  measurements and biological
sampling

Ran (R) A vessel prohibited from d~charging  ballast until exchange status
has been dete~ined  from salini~ measurement and possible
bjo~ugjca~  sampling  if required

31.

Pear (PT) A vessel permjtted  to djscharge  its bandit water

Numerous ~mp~icatjons  attend the ~tab~ishment  of an IBM, IBM pathway are replete
with exceptions, nuve~ti~~  de~ations,  pecu~jarjtj~,  and j~e~~arities.  By the very nature
of the thuusan~ of possible  ~mbinations  of vessels, tanks, and ballast  histor~es~  IBM -- as
~jt~ all ~~~r~~~*~e  asked -- possess potentja~~y  numeru~ holes  in the dike, integral to
any quarantine s~tem is that the s~tem is a fiber,  but not an absu~ute  barrier. ~~~~~
~ bud nu ~~~ off ~ uf ~~ ~~~ beg is ~~~ mw orin
~~, A ne~urk of tens of tho~ands of agricultural  agent and j~pecto~  around
the world has nut stopped the introduction of pest insect species. This apparent failure of
the quarantine s~tem is, huw~er~  se~nda~ to their suck -- which semes  to reduce the
dive~ity ~nurnbe~  of species~ and abundant  ~numbers  of indi~dua~~  of potential
co~unis~.
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32 The relative importance of various vessel dispersal mechanisms cannot be quantified on
the basis of present knowledge. No formal studies exist, fur example, that have
simultaneously examined the organisms h ballast systems and on the hulls of the same
vessels at the same time, nor for any other mechanisms- on the same vessel at the same
time. Subjective approaches, based in large part upon the numbers of observed invasions
combined with probable transport mechanisms fur each species (that is, working backward
from the discovery of an invasion to its transport mechanism), suggest that the
transportation of aquatic nuisance species in ballast water and sediments is almost certainly
the current leading mechanism of vessel-mediated dispersal mechanisms fur shallow-water
marine and brackish organisms in the world, and, for some regions (such as the Great
Lakes), freshwater organisms as well. The dispersal of fouling and other organisms on
ships’ hulls and in ships’ seachests (perhaps, as argued above, the modem-day equivalent
of deep shipworm  galleries of nineteenth century vessels) ranks as one of the top two
mechanisms -- but this role is obfuscated by the potential assignment of a number of
species to either fouling or ballast transport.

33. On the basis of the findings in this study, twelve recommendations are made. These are:

Implementation of a National Ballast Water Management Program

Implementation of a joint Canadian - U.S. North American Ballast Water Management
Program

Full Scale Experimental and/or Sea Trials of Ballast Treatment and Other Options

U.S. Customs Could Expand its Data Gathering for Vessel Arrivals

Greatly Increased Attention Could be Paid to Domestic Ballast Traflic

A Ship Fouling Study Would Fill A Critical Knowledge Gap

An IMO Study Could be Undertaken on Changes in International Foreign Trade Routes
and Global Shipping Patterns

A Study Could be Undertaken by the Scientific Community to Examine Invasions in the
National Waterway System Study

Assessment of the Role of Military Vessels in the Transport and Release of Ballast
Water

Merchant Marine and Coast Guard Academy Education Programs

Industry Education Programs:

International Cooperation and Global Unified Approaches
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Chapter 1.

INTRODUCI’ION

The discovery in June and July of 1988 of the Eurasian zebra mussel Dreissena
polvmoruha  in Lakes St. Ciair and Erie of the North American Great Lakes precipitated one of
the most significant periods of interest in aquatic biological invasions in U.S. history. Two
freshwater invasions in the Great Lakes had preceded the discovery of the zebra mussel in the
1980s: a European crustacean, the spiny waterflea Bvthotreuhes  cederstroemi and a European
ftth, the ruffe Gvmnoceuhalus  cemuus. Both of these invasions were linked to the release of
freshwater ballast from cargo vessels arriving from European ports. In turn, the arrival and
establishment of the zebra mussel were similarly linked to ballast water release. Within 36
months of the discovery of the zebra mussel, three more.Eurasian  ballast water invasions were to
be reported: the tubenose  goby Proterorhinus marmoratus, the round goby Neoeobious
melanostomus, and a second species of zebra mussel, Dreissena sp.

Thirty months after zebra mussels were found, the U. S. Congress passed Public Law lOl-
646 (November 29, 1990),  the “Nonindigenous Aquatic Nuisance Prevention and Control Act of
1990” (Bederman, 1991). Section 1102 of this act established a “National Ballast Water Control
Program” (NBWCP) which, in ‘turn, identified the need for “Studies on Introduction of Aquatic
Nuisance Species by Vessels.” An “aquatic nuisance species” is defined by the Act as,

“a nonindigenous species that threatens the diversity or abundance of native
species or the ecological stability of infested waters, or commercial, agricultural,
aquacultural or recreational activities dependent on such waters.”

A “nonindigenous species” is defined by the Act as,

“any species or other viable biological material that enters an ecosystem beyond its
historic range, including any such organism transferred from one country into
another.”

One of the studies called for under the NBWCP is the “Shipping Study”, defined as follows:

“a study to determine the need for controls on vessels entering waters of the
United States, other than the Great Lakes, to minimize the risk of unintentional
introduction and dispersal of aquatic nuisance species in those waters. The study
shall include an examination of --
(A) the degree to which shipping may be a major pathway of transmission of aquatic

nuisance species in those waters;
(B) possible alternatives for controlling introduction of those species through shipping;

and

; CC) the feasibility of implementing regional versus national control measures.”

In this report we use the term “nonindigenous species” (or the synonyms introduced,
invasion, foreign, and exotic), rather than “aquatic nuisance species”, to refer to the majority of
organisms discussed here. By definition, virtually all nonindigenous species are potentially aquatic
nuisance species.

The present report is the Shipping Study. This study commenced in December 1991, in
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the ~a~~to~ of Dr. James T. ~ar~ton,  at the Wi~~ja~  College -- optic Seaport maritime
Studies yearn in ~~t~c~  ~~ecticut-  It was ~rnp~et~  in Apti  1993. The study ~sumed the
w,or~ng  name of the ~Nationa~  Bio~o~ca~  ~nv~~o~  Shopping  Study” or N~~SS~  to address the
three study elements listed atjove.  Acron~  used in this report are listed in Appends  A



Chapter 2.

METHODS

Data Sought: Ballast Water and Port Operations

Characterization of vessel traffic and vessel ballasting operations is the first stage in
achieving an understanding of the role of commercial shipping in the introduction of exotic
species.

Many ports handle, to a greater or lesser extent, specific types of cargo. These cargoes in
turn are often carried by specific types of vessels, each with varying loading and ballasting
requirements. Depending on the type of cargo and vessel, some estimate of the ballast condition
of vessels entering and leaving a given port can often be made. Various federal agencies collect
some information on vessel traffic in U.S. ports. None specifically collects ballast water
information on vessels carrying cargo and ballast (known as “with ballast” vessels). Some

’information is available on vessels travelling with no cargo (known as “in ballast”) and this is
useful in determining some of the more general aspects of ballast water transport.

However, with more spedic  port-focused and vessel-focused information available, a far
more accurate understanding of ballast water transport can be had. We thus sought by direct
visits to 22 selected major U.S. ports and by vessel boardings in these ports, and by a cooperative
effort with USDA Animal and Plant Health Inspection Service (APHIS)inspectors,  to determine
the following:

(1) Ballast Water Operations: actual ballast carried versus ballast capacity, and a wide’
range of other data on routine ballasting, deballasting, and exchanging’operations
in time and space.

(2) Port Operations: vessel traffic patterns and unique port conditions relative to
ballasting requirements, needs, and expectations.

We also sought, by using the above and U.S. Customs/U.S.  Census data, to estimate
amounts of ballast water, and where this water may be from, arriving in selected port systems in
the United States. As a minimum vessel size, we selected vessels greater than 250 Net
Registered Tons (NRT) and greater than 500 Gross Registered Tons (GRT); if a vessel was
below both measures, it was discarded from our analyses.

Port Visits

Initial port selection was based upon the need to assess vessel traffic patterns in seven
major commercial, hydrographic and biogeographic regions of the United States, as follows: (1)
the Gulf of Maine, (2) the mid Atlantic, (3) the south Atlantic, (4) the eastern Gulf of Mexico,
(5)‘the  western Gulf of Mexico, (5) southern California, (5) northern California, (6) the Pacific
Northwest, (7) Alaska, and (7) the Hawaiian Islands. Final port selection was based upon vessel
traffic volume derived from U.S. Bureau of Census data (see below). Twenty-two ports
(Appendix I) were visited, and vessels were boarded in 21 of these (Appendix B). Thus, five of
the six U.S. coastlines were surveyed in this study (the Great Lakes are omitted by definition of
the Shipping Study). The following ports were visited:

3



Boston

New York
Port Elizabeth
Ba~t~ure
Nu~u~k

Tampa

New Ur~ea~
~u~stun
Ga~v~tun

San Diegu
Los Angeles
Lung Beach

San Franc~s~
Oa~and

Po~~and
Seattle
Tacoma

~chorage

N~~SS d~tin~ish~  be~een  a port, a port s~tern~ and a regiuna~  port stem. Fur
Ch~apeake Bay, for example  these would be:

4



Port Contacts With USCG/MSO

Initial contact with local Marine Safety Offices (MSOs) at each port was made by phone
by Wendy Woods (USCG Projects Officer for NABISS). The NABISS contact person at the local
MS0 was determined, and the phone call was followed up by arranging for and sending (two to
three weeks processing) a “Letter of Introduction” explaining NABISS and the USCG mandate
under Public Law 101-646.  The letter was sent from the Commanding Officer, USCG R&D
Center, to the Commanding Officer of the local MSO, via the Commanding Officer of the
appropriate USCG District.

The letter was followed up by Woods or Reid making telephone contact with the USCG
contact person. Often the “Letter of Introduction” was re-sent by FAX at this time to assure
receipt by the appropriate personnel. Dates of visits by NABISS personnel were arranged, and
NABISS requirements explained. These usually consisted of the availability of one USCG member
familiar with the dock areas and boarding procedures to assist in targeting (using standard USCG
procedures for identifying and monitoring vessels in port) and finding vessels of interest.

Vessel boardings were planned based on the availability of vessels in the port area(s).
Whenever possible, a cross section of normal vessel traffic for the port was targeted, with sume
preference for choosing “rare” vessel types (types of vessels that were poorly represented by
boardings to that date). Vessels involved in the foreign trade were preferred uver  vessels involved
exclusively in the domestic trade. In a number of cases where vessel traffic was light, every vessel
in port was boarded, regardless of vessel type or trade route. In some cases, vessels that were on
the MSO’s morning report had departed by the time berth was reached, and in other cases vessels
were “discovered” in port that had arrived since the morning report had been printed.

.

Upon boarding, ship’s officers were sought in the following order of preference: 1)
Captain/Master,  2) First/Chief Officer/Mate, 3) First/Chief Engineer, and 4) any officer sufficiently
familiar with the vessel ballast water operations. A NABISS Vessel Questionnaire (NV) (Figure
2-1) was completed in an interview-like discussion session with t,he ship’s officer(s). The  interview
took from 20 minutes to two hours, depending on the degree of difficulty in communicating due
to language problems, the level of cooperation, whether the officers interviewed were on duty at
the time and level of on-board activity if they were, or whether the vessel had just arrived at or
was just preparing to depart from the port.

At most ports, using the NABISS Port Questionnaire (NP) (Figure 2-2) we interviewed
personnel (USCG/MSO  staff who had completed the Port Industry Training Program fur that
port, or staff in other maritime-related organizations who would have sufficient knowledge of the
port) in order to gather additional genera! information about port operations and vessel traffic,
and identify any peculiarities specific to that port relative to ballast operations (such as permanent
shallows that may require vessels to deballast, low bridges that could require vessels to take on
ballast, and so forth). We also obtained general information on the current economic status
(growth or decline) of the port or specific shipping-related industries, as well as future prospects.

NABISS Data

On July 21, 1992 we completed our work at 22 ports and port systems on the Atlantic,
Gulf, Pacific, Alaskan, and Hawaiian coasts (Appendix B). Ninety-seven vessels of 12 types were
boarded (one vessel was eventually excluded as undersized, being below our parameters for vessel
consideration (minimum 250 NRT and minimum 500 GRT);  thus, the NABISS/NV  data set
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Date: vessel~~e~
V e s s e l  Type~R~g~
Officer: official No,:
NRT: _ GRT:
Last Port-of-Call:
Present ~urt-uf-~a~~~

R e c o r d e r :
Flag :
~l~yd~s Nul: '

car DWT:
Date of Damagers:
Date of Arrival:

Next Port-of Call:
Date of torture:
Date of Arrival:

Fur the fu~~uwing ~~~stiuns~ please record units ~~etr~~ tons: MT;
cubic metres: m3j fur all g~ant~t~es*

~a~~astwaterca~a~ity  incl
Tank~rs~ segregat !bal

ng des~gnat~dhu~ds~:

Total quantity of ballaA:wa
twaterca~ac~ty:
carriedun arrival:

Greatest quantity of ballast &er carried in the past ~unth:
Least quantity of ba~~astwatar  carried in the ~ast~unth~
quantity of ba~~ast,~ter  nur~a~ly carried when in ballast:
quantity of ~n~~~ab~e water retained after ~u~~~ete discharges

Record of Ballast Water Carried on Arrival: t

Sursrce; Port
Or ~u~atiun

Date
Taken

~a~~n~ty of .
Source Port

How much ballast zr has been or will be taken on bc 2 from the
present port ~ast~~~ate if necessary):

~~t~~ded Points of Ballast Water D~s~har~e ~i~c~~d~n~ current port
since arrival) and ~sti~ated Date uf D~s~harge:

Part or
~ucat~un

Date of
Discharge

~a~in~ty of
D~s~har~e Port

Dues this vessel keep an official recurd of ba~~ast~ng~deba~~ast~~g
u~eratiu~s (circle Y or H); on cu~~ute~~ Y N

in the shi: 3 lug? Y N
in a balla: lug? Y N
uther? Y N

ExplaL,-:



Figure 2-l (continued)

NATIONAL BIOLOGICAL INVASIONS SHIPPING STUDY
Vessel Ballast W a t e r  Questionnaire  NV#:

Vessel Name: VesselRig/Type: Port:

Can this vessel exchange all ballast water at sea? Y N
If no, how much can be exchanged?
If no, why?

Does this vessel ever exchange its ballast water? Y N
If yes, and why? (full/part/flush exchange)

How long would a complete exchange take?
What is the capacity of the ballast pump?

Days Hours

Are the ships officers:
1)aware that organismS"can be transported in ballast water? Y N
2)aware that the IMO is concerned with the transport of

organisms in ballast water? Y N
3)aware of any country using or considering &trolling

ballast discharge because of organisms carried? Y N
If yes, which countries? .

When fuelling, does this vessel normally:
1)discharge ballast to compensate fur additional weight? Y N
2)take on ballast to maintain trim? Y N

To adjust for trim or list while ducked, does this vesse.1 normally:
l)take on or discharge ballast as needed? Y N *
2)shift onboard ballast as needed? Y N

While arriving or departing a port, is there any preference to:
1)take on or discharge ballast in the port itself? Y N
2)take on or discharge ballast outside the port area? Y N

DGes this vessel have a regular maintenance/cleaning program for:
1)the ballast tanks? Y N Explain.
2)anchoring gear? Y N Explain.
3)chain locker? Y N Explain.

Has sediment ever been specifically  removed from any of the above
locptions? Y N Briefly Describe.

Would it be worthwhile to control the transport of organisms in
ballast water?

Would ballast water exchange cause unreasonable problems for
vessels.
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Figure 2-2

Do certain types of vessels exhibit specific ballasting practices
either while in the port, or while entering or leaving? Explain,

Are there shallows where vessels .larly have tu dis~~arga
ballast water to prraceed, or bridges re vessels reg~~ar~~ take
on ballast  water in urder to pass her n? Explain.

What is the beal ~erce~tiu~ or aware~ass of:
I)the ~~estiu~~~ru~le~ uf tra~s~urti~g and ~~trud~~i~~ urga~is~s

via ballast water?
.

I
.

2) the i~t~ud~~tiu~ of ballast water control ~ids~i~~s or
re~~atiu~s by any ~u~~try or urga~i~atiu~?

How is the s~i~~i~g traffic expected to ~~a~g~‘i~ the furseeable
f u t u r e :

I)is the port being developed to target larger or smaller ships?

2) are specific cargo ~a~d~~~g facilities being targetted fur
~x~a~siu~ or du~si~i~g?

3)are specific industries being deve~uped or reduced?



consists of 96 vessels). Data gathered using NV and NP questionnaires permit us to determine the
following:

8 Specific sources, age, quantity, and approximate salinity of ballast on board (BOB)
upon arrival (BWARR); ballast quantities to be taken at the arrival port, and
specific sites and quantities of discharged water; the average amount of ballast
water normally carried when in ballast (BWBT);  the amount of ballast water
remaining in the tanks after pumping (the amount of “unpumpable” water,
BWUP).

l Typical shipboard databases that now exist for reconstruction of ballasting events.

* The ability of a vessel to exchange all of its water at sea, whether exchange had
ever been undertaken and why, the length of time such exchange takes, and
whether such exchange would cause unreasonable problems for vessels.

* The behavior of a vessel in routine discharge operations.

* Maintenance and cleaning programs for ballast tanks (drydocking intervals),
anchoring gear,.-and chain lockers, and the removal of sediment from these
l o c a t i o n s .

* The ship’s officers’ knowledge of, and opinions on, the transport of living
organisms by ballast water.

l Ballasting practices, discharge sites, and the perception of ballast as mediators of *
invasions by port officials.

* Port development and expectations of increased or decreased shipping traffic (port
questionnaire data are supplemented with published projections).

We determined the following from these data: (1) the relationship between vessel tonnage
(NRT, GRT, and summer deadweight tonnage (SDWT))  and ballast water capacity (BWCAP);
(2) the relationship between BWCAP and BWBT (specifically, the ballast water normally carried
while a vessel is “in ballast”); (3) an estimate of the amount of ballast water carried into U.S. ports
by vessels travelling “in ballast,” and (4) estimated volumes of unacknowledged ballast water. In
turn, NABISS and additional port and shipping information questionnaires (through APHIS
cooperation, see below) were used to determine (5) the relationship between BWCAP, or other
measures of vessel size, and the average amounts of BWARR (ballast water quantities carried on
arrival by various ship types under normal operating conditions). This permitted us to estimate
the amounts of ballast water brought into U.S. ports by vessels travelling “with” (and “in”) ballast.

Additional Port and Shipping Information
:

Further port and shipping data were gathered by contacting the following groups or
offices:

Maritime/Shipping Associations/Exchanges
Where present, these offices often have the most information, the most comprehensive
information, and the easiest available information (e.g. New York). Individual vessel

9



stings  are ~rnp~ed  in a few ports knew  Yor~ew ~e~ey~~  while monthly  and/or  annual
report are dually  publ~hed.  ~rnp~ter  discs are sometime available in addition  to
hard~py repot.  Where these agenci~ are not pr~ent (e.g. Savannah~ Tampa~  or
no~ally  do not record vessel traEc isolation  (e,g. Boston~  ~har~~ton~,  other ouch
may take over many of the act~~ti~ othe~e  ~ociated  with them (e.g. ~harl~ton
Branch Pilots ~sociation,  Tampa Port ~~tho~~,  Boston M~spu~~.

fort ~~tho~ti~
)

These offices have va~ng amount  of useful and~or  available info~at~on.  bale in most
harbor  they p~rna~ly  culkxt and maintain records of vessel tra~c in and out of those
berths that they operate, in some cases they have extended their ~nfo~at~on-gathe~ng
and re~rd-keeping to ~c~ude  must or ~~~a~ly  ail of the ~mmercia~  vessel active in the
area (e,g, South Carolina  State Port ~uthu~~,  Tampa Port authors, Boston Massport~-
Vessel traffic i~u~atiun  is sumetim~ ava~able on ~mp~ter  disc.

Pilot ~uc~at~uns
These offices usually  collect o&y whatever infu~aticn is require in baling  the vessels or
their uperato~ for services rendered~  This i~orma~~un  is nu~a~y  available  from other
sours.

Harbor Mates 0~~ ‘.-h.
In general, these off&s are more invulved with the maintenance of ci~-owed  shoreside
faci~iti~ or dredging uperations.  They rarely deal with har~r operatiu~  on a day-to-day
basis and generally do not cohect  information on vessels or vessel trafSc.

Fur uut pu~us~~  cummercia~  vessels can be diode  into two overall gruups:  those in
~~~ travel~ing with no cargo and therefore ~more  or less) fully balloted,  and those ~ ~~
trave~ng with a partial or full load of cargu and sume amount of ballot  below their full capac~~.

In ballast vessels can be ~denti~ed  through  the inf~~ation  p~bl~hed  by the Bureau of
tense in the Munthly  Vessef  entrance ~~-3S5~  and C~~aran~ ~~-~~5~  listings*  We refer
to this pub~shed  infu~atiun as ~~w~~ ~~. 7%:: amu~nt  of ballast water carried by
vessels in this groin  can be appru~mat~ from the ballot  water capaci~ sumetim~  listed in
reference  such as ~loyd’s  register ~~tirnat~  by vessel type, from recessions  that we developed,
if the actual capaci~ is ~n~u~~,  and modi~ed  by a factor of actual amu~nts  of ballast carried
when in ballast or in cargu determined from ~nfu~atiun  collected  du~ng vessel buardin~~

All other vessels fall into the second  categu~,  those with bandit,  and include  those vessels
that would insider  the~e~v~  to be trave~ling  with no ballot  water on board ~NO~~B~.  We
refer to this water as ~~w~~ ~~. Thus if ships are not fully Ioaded  or are caring a
light load a large amount of ballast water may be carried but nut ac~uw~edged since the vessel  is
said to be in cargu. Our defend indicate  that these vessels may carry 5U-5~ met~c tons (that
is, up to ~3~~~ ga~~uns~  of #~n~~rnpable~  ballast water. The vu~~rn~  of bandit carried by value
vessel types were ~timated fur the di~erent ports  based on the ~~u~atiun defected  during
vessel ~ard~ngs~  This ballast may be discharged by vessels subsequently  balloting and deball~ting
water, thereby Ming and djscharging  ba~~~t~  as cargo is Handel in US. ports.



We used the 1991 U. S. Census TM-385 data for the port systems that we visited,
combined with our analyses and calculations of NV and APHIS (see below) data to determine
ballast volumes (acknowledged and unacknowledged) to calculate:

How many vessels arrived at each port
How many of these vessels were in ballast, and from a foreign port
How much ballast these vessels carried
The “last port of call” (LPOC) of the vessel

Methods for Calculating Acknowledged Ballast

In order to estimate the quantities of acknowledged ballast entering the 22 selected ports,
a subsample cf the ships reported in ballast was taken from the Census data (Vessel Entrances
TM 385 1991) in the following manner. For each port, five in ballast vessels per month were
picked at random  and vessel name, flag, and NRT recorded. This information was used as a cross
reference in order to identify ship type from Lloyd’s Register and Record of the American
Bureau of Shipping. If a month had less than five in ballast ships for that port, then a ship from
another month was randomly selected and added. If the ship type could not be ascertained then
another vessel was randomly selected. These replacements never represented more than 13
percent of the total sample (n&m) for any particular port, and on average represented 3 percent.
If a port had less than 60 ships in ballast for the year then all ships in ballast were included in the
sample.

Regressions relating Gross Registered Tons (GRT) or Dead Weight Tonnage (DWT)  to
the ballast capacity of a ship were developed for Bulk Carriers, Tankers, and General Cargo ships,
Included in Bulk Carriers are Wood Chip Carriers, Oil/Bulk/Ore vessels (OBO), Oil/Ore Carriers
(O/O), and Cement Carriers. Included in Tankers are Liquid Gas Carriers (Liquid Petroleum
Gas (LPG), Liquid Natural Gas (LNG)), and Chemical Tankers. These three ship types
represented 60 percent of the ships that were in ballast in the subsample. Passenger ships, while
they represented 17 percent of all ships in ballast in the sub-sample, were. not included in
calculations of incoming acknowledged ballast. Since these ships are not contracted tu carry cargo
they are by default considered by Customs to be in ballast, regardless of their ballast condition
(some of the Th4 385 data is derived from Customs Form 1400 data). The quantities of ballast
that these ships carry and discharge is normally small. Ballast arriving was nut calculated for the
21 other ship types which make up the remaining 23 percent of the ships in ballast. Ballast
arriving was also not calculated for vessels of 250 NRT/SOO  GRT or less. Not all vessel types
appear at all the ports by this subsampling method; indeed, for San Diego, no in ballast tankers,
bulkers, or general cargo ships appeared.

The data for the regressions came from the APHIS Survey questionnaire (see below),
providing a large sample size (n = 1034 vessels). Ballast capacity data were square root
transformed since plots of the standardized residuals displayed evidence of some unevenness in
the variance of the data. The independent variable (tonnage) was also square root transformed
for,‘the  tanker regression in order to improve the regression. Once the independent variable was
determined, the mean independent values (where possible) were determined fur each of the three
ship types for each of the 22 ports. In some ports, for some ship types, the sample sizes are low,
so that values obtained may or may not be representative of the mean ship size, fur that ship type,
at that port. However, uncertainty due to a small sample size is more than offset by the small
quantities of ballast contributed using these data, since the low sample size is again reflected in
the low proportions of that ship type entering the port in ballast.
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The-se  values were then placed into the regr~sio~ to e. -,ste a mean ballast capaci~ for
each of the ship types ente~ng each of the ports. The ~~o~~i~ in ballast Bulk Carriers,
Tankers, and General Cargo vessel  ente~ng each pur,  tas det 36 from the sub-sample.
This number was multiplied  by the number  of in ballas: *hips ar ; at each of the ports in order
to ~t~ate  the number of in ballast a~va~ of that ship type fo, inat port. The ~timated ,
num~r  of in ballast arrivals was then m~~tiplied  by the mean ba~~~t  capacit~~  dete~in~ from
the re~~sio~  to obtain total ballast capaci~ that could arrive. Since ships do nut nec~sa~ly
carry full capaci~  when traveling  in ballot, this number was then multiplied  by the average
per~ntage  of capaci~  (value delved from Mr data~  that each ship type nu~ally  carried when
trave~~g in ballast.

A sub-sample  of \ esseIs ente~ng of the 22 bitt par -was takttn in ordec  to ~timate
the ~nac~ow~edged  ballot  water being urged  ir~r- KS. wa. The. -ts chose : for this -
further ana~~js  of the suur~ and amu~ unac’;  ~o~~~g~  ._ ’ wa +me Ba encore  MD,
~o~u~k  V~ Ua~and CA, San Franc~~~ ‘and I&Y: ~~r~ea~  i The ;ts of B,: : mare and
Nurfu~  were chosen to repr~ent  the Ch: .,eake Bay s~tem ana sence  me Atlantic  coast,
Oa~and and San Francis  were chosen to repr~ent  the San Francis  Bay s~tem and hence the
Pacific coast, and New Urlea~.~~  chosen as repr~entative  of the Gulf Coast.

A sub-sample  of the first 48 ships from every other month ~beginning  with January was
taken for each of these ports ~n=~ fur each port) from Vessel Entrance ~3~ ~ns~ data
~~~1~~  and inc~uded.v~se~  names Sag, NRT, LPUC and bal~~t~cargu  ~nditiun.  Vessel names
Sag and NRT info~atiun was used to identi~ ship type in L~uyd~s  Register. Ba~~ast~~argo -
condition ~furmatiun  teensy  data) indicated if the ship arrival was foreign or domestic and in
bandit  or in cargo. If one of the first 48 ships could nut be found in L~uy~s, it was replaced by
the next ship in the cens~ busting.  This process untinged  until the sub-sample  was complete.
The only exception made was fur ships with  a net reg’::e:f:d tonnage of less -‘*XI 250. These
ships were nut included  in the s~~ey since the small lze uf these vessels qr: .ities  of ballast
would be minimal-  A.&o, must ships in this size rangy md smaller are nut I- :ered ulth L~uyd~s
Register  or the Record of the ~e~can Bureau  of S~i~~~~~~~g  and so infu~~,..-~n  as to ship type is
nut readily  available=

~nac~ow~edged  ballast was dete~~ned fur three ship types: Bulk carrier, Tanker,  and
~ntainer  ships. included  in Bulk  barber  were Oi~u~~Ore ~a~e~~  Ui~Ure Carriers, Wood
Chip Carriers, and ~ment  Carriers. included  in Tanker were Liquid  Gas Carriers (LPG &
LNG) and chemical Carriers. These three ships type were chosen since they represented a
rna~u~~  of all vessel traf~c. Fur each of the ship types in each of the ports  the prupu~iun of
ships that were from foreign ports and in cargo was determjned.  This per~ntage  was then
mu~tip~ed  by the total  number of arrivals in order to ~timate  the number  of vessels along frum
foreign ports in cargo- This was then mu~tipljed  by the average frontage that BW~R
repr~ented  of BW~~  when in cargu in order to ~timate  the average ~nac~uw~ed~ed  ballot
ente~ng a port-  The ave:?ge ballot  tunnag~ used in these ca~c~~at~u~  were de& ‘urn
~~~SS~  warding d a

As noted above, we used ~~~ Bureau  data to dete~ine the LFUC fur vc -eIs big
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into the 22 selected ports. LPOC data were then converted to the standardized ocean regions of
the world as used by the United Nations’ Food and Agriculture Organization (FAO) (Figure 2-3).
We then used APHIS data (below) to determine the relationship between actual LPOCs, LPOCs
as converted to FAO regions, and the actual source of the ballast on board.

THE APHIS SURVEY

Background
During the course of our port visits and based upon discussions with personnel in the

shipping industry, it became apparent that the USDA’s Animal and Plant Health Inspection
Setice (APHIS) was the only federal agency that boarded virtually all foreign trade commercial
vessels entering U.S. ports. Discussions with APHIS field personnel suggested that it would be
possible for APHIS inspectors to carry aboard with them a simplified version of our NV
questionnaire during a pre-arranged “ballast month” so that ports around the nation would be
visited more or less simultaneously  in the same 30 day period. The purpose of the survey was to
collect basic ballast water data for all vessels (with and without cargo) entering the selected port
systems from foreign ports. APHIS inspectors board virtually all foreign-trade commercial vessels,
but only vessels arriving at their first U.S. port are thoroughly inspected. Vessels travelling
coastwise to subsequent U.S. ports are often only boarded to check on-board garbage and a few
other basic protocols. August.‘IP92  was targeted as “Ballast Month.” An example of the APHIS
questionnaire and instruction sheet is shown in Figure 2-4.

Survey Organization
USCG/MSO  oftices  usually supplied phone numbers and contact names for the local

APHIS office. APHIS offices were contacted as part of our port visits wherever possible .
(beginning with Baltimore; March 25, 1992),  or by phone with follow-up contact by mail outlining
our request for aid in vessel surveys, and supplying background information (copies of USCG
letters of introduction for the local MS0 and a list of APHIS offices and personnel already
contacted and giving us a positive response). Norfolk, Charleston and Port Elizabeth APHIS
offices were contacted solely by phone. Initial prototypes of the questionnaire were shown to
several APHIS offices during our port visits fur their comments and suggestions.

By early July, all APHIS offices involved in the survey had been contacted for the number
of questionnaires and instruction forms they would require. From 20-400 questionnaires and from
5-40 instruction sheets were sent to the 18 APHIS offices responsible for the 22 ports studied (at
least one instruction sheet for each 10 questionnaires). Recent copies of articles on zebra mussels,
cholera incidences  in Mobile Bay, Alabama, and general information on introduced species were
also included. Most of the packages were prepared on July 10 and were sent out in the mail on
July 11. The packages for Portland, Seattle and Anchorage were hand-delivered during our port
visits in July.

The survey was conducted through the month of August, with a few questiunnaires
received from late July and early September. After the survey (or in sume cases in installments
through August), the completed questionnaires were returned to the NABISS offices.

Handling of the Forms and Information
The 1285 questionnaires received were placed in binders by port. A spreadsheet was set

up using QuattroPro, with a column devoted to each answer space on the questionnaire, and with
an additional column for comments (these were usually additional comments by the inspectors or
remarks on unexpected responses to the questionnaire noted during checking or entering of the
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Figure 2-4

NATIONAL BIOLOGICAL INVASIONS SHIPPING STUDY

Wited States Coast Guard Research and Development Center
Nun-Indigenous  Species Research Project

APHIS Vessel  Bal last  Water Questionnaire

Port of

Date: VesselName: Flag:
Official No.: GRT: SummerDWT:

Vessel Type (check from the following; more than one check may be
appropriate as in a combined General Cargo/Container  Carrier):
-: Container Carrier -: General Cargo Carrier

: Bulk Carrier -: Oil/Bulk?ure  Carrier (OBO) .-
: Tanker- -: Chemical Tanker
: Roll On/Roll Off (RoRo) -: Refrigerated Carrier (Reefer)-

- : Cruise Ship -: LASH (Lighter Aboard Ship)
-:Other(Pleasespecify):

Last Port-of-Call (portandcountry):
Date of Departure from Last Port-of Call:

.

Next Port-of-Call (portandcuuntry):
Date of Arrival at Next Port-of-Call: .

For the following questions, please record units (metric tons: MT;
long ton: LT; cubic metres: m3; or other) fur all quantities.

Ballast water capacity of thevessel:
(Include holds designed to carry ballast)

Total quantity of ballast water carried on arrival:
(If officer reports no ballast water on board, write 0 or nil)

Sources (may be several) of ballast water carried on arrival:

Source; Port
Or Location

Quantity
(MT, m3)

Sourcel:
Source2:
Source3:
Source4:

Whgt will be the total quantity of ballast water that has been or
will be discharged in this port before the vessel departs (estimate
if necessary):

What will be the total quantity of ballast water that has been or
will be taken on board from this port before the vessel departs
(estimate if necessary):

Completed by:



~nstruct~uns fur cu~p~et~u~ of the
AP3lS Vessel Ballast Water ~u8st~U~a~re

These ~uest~unna~res shuu~d be ~u~p~eted with the assistancg
of the captain, f i r s t  (or chief) o f f i c e r  (or cater, ur chief
engineer; in that order of pr8feren~e. The captain may r~~u~e~~
another officer as being mure familiar with ballast u~~rat~u~s~
a~~huu~h any of these officers ~s~a~~y have, or at least have
access to the ~nfur~at~un required; ff nune of these officers is
available {occurs rarely), any officer s~ff~~~ent~y familiar with
the ballast uperatiuns  wu~~d be au~eptab~e- Pleas8 ~pha8~~8 to th8
uffic~r~ that this is a s~~8y to gath8r ~~fu~~tiu~, it ia nut M
~nsp~~tiu~  ur ~~~nat~u~* It fs huped that t: ~uestiu~a~ra can
~s~a~~y be ~u~p~eted in about five minutes-

Since ~nd~v~d~al~P~~S ufficss may cuver st ~rl ports, please
recur: the specific port where th8 vessel has d;..'red ur‘wfll duck,

The first part of the Vessel ~uest~unnair8 can be cu~p~eted
from the list of nShi"gts Part~~~~a~s "; ask the available ufficertu
see a copy of this form, Exp~anat~un of terms:

Flag: ~uuntry of registry
Official No,: UfZicial n~er in ~~~~try of registry
GRT: Gross registered tonnage
bier DWT: Sl~er,deadwe~ght tonnag: l

whenever a quantity or vu~~8 is required, cunf~r~ and record
units used; lung tons (LT), metric tons ~~T~, cubic metres (m3j or
other f wherever ~nfur~at~un is an estimate rather than an exact
~uunt~ write ~apprux~ (fur apprux~~at~~y~  in front of the mmber.

Record buth port and COW 7 fur Last and Next Port-3f-Call,
and record dates n~8r~~a~~y i ~unth~day~y8ar ~~U~U~~~~~.

The ballast water ~apac~t~ may be on th8 "Ship's Part~~~~ars~
list, but this and the vulrtme of ballast water carried on arrival
at the zort shuu~d be available from the ship's officer. SuUr~a~S~
and vu~~e~s~ of ballast water may require the ufficar to check the
ship's records, and unly part of this ~nfur~atiun  may ba available.
Where the ship's records ~d~ur the officer's usury cannot provide
this ~nfur~at~un, enter '~knu~~ in the apprupriat8 space.

The last two ~~estiuns on the ~~t~t~es of ballast water
taken on or d~s~harg8d (up until the ship's d8part~r8 from the
port) can only be answered by the ship's officers, Uften, this will
be an estimate of the e::acted ~antity of ballast to be discharged
ur'taken on, .If, fqr t' '7p18, an officer reports that 500 metric
tuns of ballast will ~~s~harg8d, and then Luther 500 metric
tons will be tairen UK his dues happen uc~ass~u~a~~y~~ please
record both ~~~t~t~es : the form even thu~gh there wuu~d be.nu
net change in ballast water carried,

~dd~~~una~ notes may be written in the margin: please print
clearly. Again, thank you fur your assistance.



information).

Every form was inspected for usefulness based on information recorded, readability and
contradictory data, to determine whether all of or what parts of the questionnaire were usable.
“Discards” or “special discards” were noted and separated (see below). The information from all
accepted forms was recorded in the spreadsheet. Where possible, information was added or
verified using Lloyd’s Register, and in a few cases other questionnaires recording the same vessel
could be used for verification of some information. A total of 1034 questionnaires were usable
(80 percent).

Reasons for Discarding APHIS Questionnaires

APHIS questionnaires were discarded for the following reasons:

1)

2)

3)

4)

vessel type was not a commercial cargo vessel of the type under consideration in
the survey (e.g., navy vessels, fishing boats, tugs, tall ships, navy or research vessels;
these were retained as “special discards” (39 questionnaires, or 3 percent).
LPOC was another U.S. port, or the anchorage or lightering  area of the current
port (most of the discards not covered by (1); 137 questionnaires, or 11 percent).
the ballast wate’i’portion  of the form was blank (i.e. only information describing
the vessels was recorded; name, GRT, etc.).
contradictions in the answers were sufficient to make the form unusable, eg. the
ballast water capacity was greater than the summer deadweight tonnage of the
vessel (usually 25-50 percent of DWT), or the amount of ballast water carried on
arrival in the port was greater then the ballast water capacity. In some cases the -
contradictions were reconciled by Lloyd’s, but more often only part of the
contradictory information was unusable (based on other supporting or non-
supporting information) rather than discarding the entire form (see
“Interpretations” below).

Categories 3 and 4 represent 39 questionnaires, or 3 percent, of the total received.

Interpretations

1) when information was contradictory, there was often additional information which
allowed us to interpret the particular situation based upon our previous familiarity
with ballasting operations. This permitted us to use some of the information
provided rather than discard the form; only when the information was very limited,
and we could not determine if any of the information were reliable, would the
questionnaire be discarded.

2) when the quantity of ballast carried or the quantity listed under sources was
greater than the quantity of ballast water carried on arrival, the latter was recorded

.* to keep the values conservative.

3) long tons were converted to metric tons by: MT = 1.016 LT,  cubic meters were
converted to metric tons of seawater by: MT = 1.025m3.
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In ~a~~ Gises, Sue of the vessel ~~fu~atiu~ at the top of the ~~~tiu~~a~re  was left
blank. Given the vessel ~a~e and one or twu other pieces of ~de~ti~~g  i~u~atiu~  (Bag, u~~ia~
~~~ber~  GRT, ~~~~ vessel ~e~, the vessel muId ~~a~~ be hated  in L~u~d’s  and the ~issi~g
~~fu~atiu~ added. L~u~~s  records ~~~ in metric tons; this  i~fu~atiu~  was used as a check
when  units were nut recorded and where units used by the ~~~t~  of re~st~  were ~~~u~  &r
va~ab~e (eg. Libe~a~  r~~stered vessels re~rd~d their ~~~ in either ~et~~ tons ur lung tu~s~.
~~~~u~a~~~  ballast water ~a~a~i~  was re~rd~ in L~u~~s,  and this was used when ~a~a~i~ was
nut recorded on the ~~~t~u~~aire~  or where the ~a~a&~~  r~rded  was ub~u~~~ in error; eg a
~~~~  SDWT vessel with a reported bandit  water ca~a~i~  of ~~~~ or ~~,~ MT.

It soused  be outed  that nut all reg~t~  ~~~t~~  dete~~~e  vessel tu~~ag~  in the same
bagger.  Fur exa~~~e~  a t~~reti&a~  vessel re,$;tere, ‘Y Libe~a  at ~~,~ --uss reg~ter  tuns may
be ~e~~red d~~e~~t~~  if re~ster~ in a~ut~~,  r co?’ and any ~~fu~ t we ret~eved from
L~u~d~s  wuutd be desired  a~rd~~g to LIuyz’s pr mzs. ~dditiu~a~ s&s may often
~~d~rgu  st~~t~ra~ ~~i~~at~u~  t~ru~g~u~t  their U’ i life, r~~~ti~g  I eases or decreases to
their tu~~age  ~g~r~~ which  wu~~d  nut be r~rd~ i:: Aqd’s until vess .dates were issued ur
until the fu~~u~~g  year (at the ear~~~t~  and may ar may nut be reflected iA, the Ship’s ~a~~~~~ars.
NI of these fa~tu~ need to be ~g~~zed  when dete~iRi~g  re~atiu~~i~s  beaker vessel size
(based on var~u~ tu~~ages~  and c~ara~t~~ti~ such as ballast water ~a~a~i~.



Chapter 3.

SHIPPING AS A MAJOR PATHWAY OF TRANSMISSION OF
NONINDIGENOUS SPECIES:

MECHANISMS OF DISPERSAL OTHER THAN BALLAST WATER AND SEDIMENTS

Introduction

Vessels have been lung recognized as dispersal agents of living  organisms. The earliest
ships carried maritime semiterrestrial  organisms inside and marine fouling organisms on the
outside of the vessel, and boring organisms in between (Carlton, 1992a). Ships have been the
greatest agents for the movement of plants and animals between continents for centuries. As a
result, the modem-day distributions of thousands of species of plants, fungi, molds, nematodes,
earthworms, insects, spiders, millipedes, mites, ticks,  snails, slugs. mammals, and many other
organisms can be explained in terms of human colonization by ships and historic commercial
vessel traffic across the globe.

The role of vessels as dispersal agents of freshwater, brackish water, and salhvater
organisms is, however, not as ‘we!! known.  Scientific investigations of land-dwelling plants and
animals are of sufficient antiquity (extending back to 16th and earlier centuries) that the role of
human transport of terrestrial organisms can be more easily recognized. Scientific records of the
aboriginal distributions of aquatic species are often 200 to 300 years younger, and thus provide a
poorer foundation for examining the role of human-mediated dispersal -- that is, the first
descriptions of the animal and plant life of most coastal waters of the world appear two or three ’
centuries after ships had acted as the main vehicles of colonization and commerce to those waters
(see also comment by Pollard and Hutchings,  1990, p. 243). Indeed, reliable distributional data, if
such exist, for most aquatic organisms date only from the 20th century. In many cases, such data
do not exist at al!. As a result, many freshwater and marine biugeographers and systematists have
classically viewed, and continue to view, many distributions of plants and animals as “natural” if
clear evidence of human-altered distribution patterns is lacking.

There have been and are hundreds of types of watercraft operating upon the world’s
canals, rivers, lakes, and oceans. There is no universal vessel classification system. Vessels
ranging from rafts, dugouts, skiffs, and canoes to bulk carriers, oil tankers, and aircraft carriers are
capable of transporting organisms from one body of water to another and from one continent to
another. Table 3-1 summarizes the major fypes of vessels  now engaged in operation on the
world’s oceans; we use these categories and names here. There are three major divisions:

I Passenger vessels, including passenger liners, ferries, and excursion boats

II Cargo vessels, including bulk carriers, container ships, and tankers

.’ III Specialized vessels, including barges, fishing vessels, and semisubmersible
exploratory drilling platforms (referred to as SEDPs by Carlton  (1987, p. 455)).

The Ship as a “Biological Island”

The concept of the vessel as a “biological island” has never been thoroughly explored. We
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ABBE 3-1
ESSEX TYPES  AND ~~NN~~E ~~S~~E~S

AK.A= alsu COWL as

I. P~S~~~E~ ASSETS

- Passenger vessel  [ships with a capaci~ fur 13 or mure p~senge~~
(AXA: p~enger  liner, cruise Iiner,  cruise shops

/
- Ferry

tvnes  includes
P~enger~trai~ehicle~  a!! ~mbinatiunsI

-wu e: must trai~ehicle  ferries are Ru-Ru]I
- ~cn~iun  buats

tvnes  include:
- Private: yacht
- Public:  many types

- ~mbinat~un
tvnes  include:
- p~senger~cargu
- p~enger~~ntainer

II. ~~~ ESSAY (AIL4 ~~ighte~~

- Genera! cargo
see also multipu~se  cargo vesse!s  and bulk carriers (under ‘Cumb~nation’~
below~  container  rna~ be carried as deck cargu~

- RuRo ~acrun~ fur “Roll on - Roll  off”>
- Reefer

~~ ref~gerated vessel, ref~gerated cargo ship, fruit ship)
- Gas carrier

severa!  di~erent types; see also !~~uid gas carrier
- Chemical carrier

see a!su chemical tas r
- Cement carrier
- Coal carrier

~~ cull~er~;  see a!su ‘Cumbinatiun’, below
- Ore carrier

see also ‘~rnbinatjun~~  below
- Pallet carrier
- Car ~veh~cle~  carrier

see RuRu; also  m~!tip~rpuse  cargo vessel
- Timber carrier

~~~ lug ship, lumber ships
- Wuudch~p  carrier
- Barge carrier (vessel deigned to carry barge and~ur  ~nta~ne~~

LASH slighter  Award Slips
- ~ivestuck  carrier

must are cunversiu~  from other ship types
- Fish  carrier

see thing  vesse!s
- Fue! oil carrier

see tanker
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TABLE 3-l (continued)
VESSEL TYPES AND TONNAGE MEASUREMENTS

- Liquid gas carrier
(AKA: independent tank carrier, pressure tank carrier)
tyues include:

LPG - Liquified  Petroleum Gas
LNG - Liquified  Natural Gas (for example, nitrogen, propane)

- Bulk carrier (bulker)  pessels  designed to cany dry bulk cargo]
see also: cargo vessels  (above) and combination carriers (below)
tvpes  include:
- genera! (purpose) bulk
- special bulk
; dry bulk

[cargo which is louse, granular, free-flowing ur solid but is not
packaged; examples are grain,  coal, ore. Such cargoes are handled by
specialized mechanical equipment usually at d.edicated  dry bulk
terminals]

- break bulk
[mixed items of genera! cargo, packaged and moved as single parcels
or assembled together on pallets which are hoisted on and off a vessel
.by.wire/rope  cargo slings with the ship’s or wharfs cranes]

- self unloader  (these are in Great Lakes service)
- Container ship (AKA: freighter) [full ur partial container ships]

tvDes  include:

- Tanker

- genera! container ship
- short-sea container ship (AKA: container feeder ship)

twes include:
see also: Combination carrier (below)
- tanker: oil, oil/crude, oil/product, fuel oil
- coastal tanker (AKA: short-sea tanker)
- deep-sea (oil) tanker

ULCC - Ultra Large Crude Carrier
VLCC - Very Large Crude Carrier

- chemical tanker (different types)
- oil/chemical tanker
- product tanker (molasses, wine, fruit juice, etc.)

- Combination (AKA: partial containerships, in part)
tvDes include: combination cargo:
- multipurpose cargo vessel

(some may be RoRo;  may carry containers, bulk cargo, breakbulk,
genera! cargo, packaged timber, cars)

- combination carrier
o/o - Ore/Oil o/B/o - Ore/Bulk/Oil
O/B - Ore/Bulk o / c - Ore/Coal
Container/Bulk (AKA: Conbulker)

- genera! cargo/container ship
- genera! cargo/cuntainer/RuRu
- RoRulcargu  ship
- RoRulcontainer  ship
tvnes  include: combination careu - non careo:
- crew/supply vessel, tug/supply vessel, mooringliuwing  vessel
- tug/container carrier
- passengerivehicle  carrie;pe ferry



- Other

- Barge
tvnes  includes
- manner u~anned, self prupe~~
- barge ~a~er~~argu:

many types baled,  garbage, dump, ~ment  including  sturage~~ :’
- dredge (see dredger be!~~~ many types of su~tiun~  hupper~  unluade~
- der~~k~  crane, a~ummudatjun~  deck house
- pipe !a~g~ pipe bong
- dreg
- grain efevatur,  freezer
- pile d~ver~~~t~~tiun~
- d~!!~ng  ~p~atfu~,  rigs, barging see ~1~~5 ~Uther’~ bduw

I (pr .e!!ed~nunprupe!!ed,  ja-:arclp, se!~-e!evat~ng~  other ~~~

- F~hing Gwen
tvnes  inc!uz.
- spurt thong
e traw!e~,~ine~,  !ung!ine~~ traps (e.g. !u~ter~
- fish &anne~,  fish packer, ftih pressing,  fish carrier
- stew-traw!ing  fah cactus ship

tvnes  in~!ude~
- research ship; su~ey vessel ~r~ear~h~
- huspita! ship
- naval vessels  ~many  ~~~ and naval suppu~ ~in~l~ding  many types !&ted

e!sewhere  in this table)
- landing craft
- patrol boat ,
- buoy tender
- ice breaker
- training  ship, ta!! ship

- tug, p~hbuat, tow buat
- cable layer (also called: cable shops
- high speed ships ~p!an~ng,  bet-prupe!!~~
m hydru~u~!
- sup~rt  ship ~subrne~~ble~

~u~ten  inverts  stern traw!ers; mu!t~-pu~use~  may be used in di~ng
supers standby safety supp!y~  etc.)

- semi-subme~ible  heap-!~~t  vesse!
(also cafled:  semi-subme~ib!e  deck cargo sops

s heavy.!““. cargu ship or heavy !u: 3eck ~argu ship
rc: many genera! cargo seb are fitted with. heap-!~~t  de~~~~

- ui! ti. :!y vessel NURSE far .~!!edx pipe ~a~e~~
a- many arums are ;em 2 tugs ~t~~su~ply  v~se~~~

- dred c,ee barge abuve  a!su)
~in&!ud~:  su~tiun  dredgers  hopper su~t~un  dredger, bucket dredgers
&utter su~tiun,  are smaller similar har~r  drafts



TABLE 3-1 (continued)
VESSEL TYPES AND TONNAGE MEASUREMENTS

- drill rigs (see barge above)
(propelled/nonprope!!ed;  fixed, semi-submersible, tension leg platform
(TLP), jackups,  conical drilling unit, column  stabilized , mobile Arctic
caisson)

- drill ships
(semi-submersible exploratory drilling platform - column stabilized
drilling unit; some may also be converted bulk carriers, tankers)

- supply/tender
- launch (also called: utility boat)
- deck cargo pontoon

Sources of Injomation for Vessel Types:

Record of American Bureau of Shipping (1991)
Lloyd’s Register of Ships (1990-91)
Jane’s Merchant Ships, Third Edition (198788)
Ships on Register in Canada: List of Ships (volumes I, II), Canadian Department of Transportation,

Catalog No. T34/-1  (1990)
Bulk Carriers of the World: C@angoing  Merchant Type Ships of 1000 Gross Tons and Over
(excludes vessels on the Great Lakes), U. S. Dept. of Transportation, Maritime Administration
(MARAD), Office of Trade Studies and Statistics (1981)
MARAD (1991)
Canadian Coast Guard, Ship Safety Office (Montreal) (1992)
USCG Marine Engineering Group, Avery Point (1992)
Society of Naval Architects and Marine Engineers (SNAME)

MEASUREMENTS OF VESSEL VOLUME AND WEIGHT

Merchant vessel tonnage is described in two ways, by volume and by weipht,  as follows (DeKerchove,
1961; Janes Merchant Ships, 1988; MARAD,  1991):

Gross tonnage or Gross Registered Tonnage (CRT’!  is a measure of volume, the cubic
capacity of the vessel expressed in gross tons (100 cubic feet (2.83 cubic meters) of
permanently enclosed space equals one gross ton).

Net Registered Tonnage (NRT) (net tonnage) is a measure of volume, specifically referring
to the “earning capacity” of the vessel. NRT = GRT minus officers, crew and passenger
quarters, machinery spaces, and fuel spaces. Dock, canal, port, and harbor dues and fees are
normally paid based upon NRT.

Deadweight Tonnage  (DWT)  is a measure of the carrying, or lifting, capacity of the vessel,
and includes the weight of the cargo, fuel, potable water, provisions, furnishings, gear, service
tanks and piping, passengers and crew and their effects, and the ballast and bilge water. In
maritime terms, it is the weight required to bring the vessel from “light” to “loaded
displacement” or “full displacement” (thus, DWT  is the difference between the light vessel
weight and the displacement loaded: a “deadweight scale” is used to plot the DW capacities
corresponding to the various drafts of water between light and loaded displacement). DWT
is measured in long tons (2,240 pounds) in the United States and elsewhere in metric tons
(tonnes, 2,205 pounds).
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present here a s~~hes~ (Table 3-2) of this cuncept.  Organist  can occur in one of three region
on a vessel: on the uu~ide, on the insides  and aboard the vessel,

Fouling urgan~~  ~~iufuu!jng#~  occur on the hull, rndder,  and propeller of modem
vesseis- ~chu~ may become  fuuled  as we!!, as would any unde~ater st~ctures  psych as i
punting of any vessel (fur examples  sem~ubme~ible  e~luratu~ dulling  platfu~~.  Carlton
~1985~  1987, 1989) noted some of the classic !~terature  on ship fouling urgan~~. These works
include Hen~che!  (1923, 1924),  V~scher  ales, ~rnun~un  ~19~~,  ~0~ ~1952~,  AIlen  ~1953~,
Ske~a~~  ~~9~~,  and Clapp and Kenk  ~1963~. More recent works disc~sing vessel furling
jnc!ude  Z~bru~~ ~1979~, Huang et a!, ~1979~, Evans ~1981~, Dailey  and Crisp ~1981~,  Callow
~~9~~~  and Bagav~va ~19~~.

Whv, when, and how  fast fouling pruc~~e~  depend  upon  U-r resis
the e~used surfaces to larva! ur prupagule  settlement  and rec~it

‘r s~~pt~b~!j~  of
.It an lgth of time of

ensured  ~ensche!  and Cuuk ~~~~  have su~~rna~d  the varier -E pm iat occur  as
suun as a non-reactive  solid is ~mme~ed  in the sea and inurganic~  L :anic, h tic matter
accumulate on its surface- An initial pust-imme~iun  event is the a~o~tiun ok ~~sulved
mulecu!~~  a phenomenon tha~,,~~ay in~uen~  e~uing  ~lun~atiun.  Bacte~a are ~ically  the first
culun~ze~~  large populations develop and produce mucilage, an acid mucupul~a~haride of
~bru~ reticular nature which  helps tu bind the bacteria! colonies to the surface and may form a
thick layer. Other init~a!  ~lun~ze~  can include diatums~  funs, and ~anuph~e  bacte~a (blue-
green algae); these may attach before or after bacteria! pruliferatiun-  These urgan~s~,  taken
tugether, farm what is known  as the #primal film”, a biotic !ayer lung ubse~ed to be a necessa~
precu~ur  to the settlement in signi~cant  number  of larger fouling organisms ~althuugh *
macrufuul~ng  organisms such as barnacles and algae may settle upon submerged objects before the
development of a p~rna~ layers. He~che! and Cook ~1~~ demonstrated that the requirement
of a primal film fur settlement by larger fouling urganis~ doffers with species and with distance
from ~tablished~  donor ~luni~.

Hull surfaces histu~cally  d~eluped  rn~s~ve fouling ~mrnun~ti~, with layrrs of s~asq~jr~~
hydru~ds~ and seaweeds a third of a meter or mure  thick. Such communities on skips  appear to be
rare nuw* as dis~~ssed  below. Since World War 11 hea~ly fouled barges may represent the
mudern-day  analugue  of older fouled ships. Duty ~1~1~  resewed the “Yun 146” incident  of
l95Q when this barge was towed from Guam  to Pear! Har~r with e~ens~ve  fouling cummun~ties
which were subsequently  sampled in d~du~k.  Nun-native sprig of fish, crabs, and benthi~  snails
(the latter including species nut ~ically assuc~ated  with fouling curnrnun~t~~~  were found on the
barge.

~chu~ and chains left in the water fur a perj~  of time will  become  fouled. Once pulled
uut of the water and exposed  tu air, these sublittoral urgan~~~  nut adapted to e~us~re,  such as
subtida! species uf barnac!~,  hydru~~,  b~uzua~  and similar urgan~~ would  pr~umably
de&x-~ and die; wave spl~h on the anchor would perhaps prolong su~jva!, perhaps lung
enuti tr the urgan~~  to surAc on short d~tan~ vuyag~ . re the an&hor were tu be
drq: *gain. In a sjmilar  mar;.ter, benthic  urganisms  that WC iave crawled  unto the anchor
are !i’r,  I to be w~hed away or 6: ~~~~  out. zany small craft rn: s have retrieved their anchor
after an uvernight mooring to find s varjety  of buttum-d~e!!~ng nap temporarily attached,
ranging frum crabs and snails tu the more un~ua! cutup  (Car, 1 pe~una!  ubse~at~un~.
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TABLE 3-2

VESSELS AS DISPERSAL AGENTS FOR AQUATIC ORGANISMS

ON THE OUTSIDE OF THE VESSEL
Type: Fouling Orgadsms

Attached organisms; associated biuta (including benthic species) in
fouling community; entrained organisms

Location: Hull, rudder, propeller, and anchor, and other submerged structures on any
specialized vessel

Type:

Location:

Boring Organisms
Wood borers  and associated biota in tunnels and holes
A!! below waterline wood structures: sheathing, keel, wormshoe, rudder

ON THE INSIDE OF THE VESSEL
Accidentally transported
Type: Fouling Organisms and associated biota in fouling community
Location: Sea chest, seawater pipe systems including intakes, anchor chains

Type:
Location:

Planktonic Organisms
Water accidentallv  taken aboard
Bilge water;  chain locker water
Water’intentionallv  taken aboard
Potable water
Live we!! water
Ballast water
Propeller shaft cooling water

Fire control  water
Engine cooling water
Sanitary system water

Type: Benthic Organisms i
Location: Sediments in tanks,  holds, live wells and chain lockers

Type:
Location:

Maritime, marsh, benthic, intertidal, organisms
Solid (“dry”) ballast (ruc!cs, sand, debris), dunnage,.and  cargo in holds.

Intentionallv  transported
Type: Fish and Shellfish
Location: Live holding and bait wells

ABOARD THE VESSEL
Type: Planktonic Organisms
Location: Incidental water (in scuppers or other deck basins)

Type:
Location:

Beathic Organisms
In nets, traps, trawls, grabs: in scuppers or other deck basins

Type:
Location:

Fish and shellfish: living organisms for human consumption
Ship’s galley

Type:
Location:

Aquaria (pets), seashells, curiosities
In company or private possession

;
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There are three types of fouling urgan~ms~ those that are attached ~s~sile~, those that
are ~suciated  with this attache biota, and those that have been p~ive!y entrained by the vessel.
Attached fo~!ing urgan~ms  include spung~~  hydru~~,  sea anemun~,  sume species of wu~,
b~uzuans, mullus~  ~rn~se~~ utters, Catalan ~bamac!~,  ~upu~~  tubiculu~  arnphipo~~~
se~~u~r~  and algae ~seaweed~.  Some of these urgan~~ can detach and re-attache  such as
mussels,  sea anemun~~  and hydru~~* The ~sucjated biuta of annals  and plants found in these
fu~!ing  ~rnrn~nit~~  can include  hundreds of species from almost a!! phyla. Crisp ~1973~ has Z’
su~~ted  that mure  than 4~~ species may ~rnp~e  fuuling  ~~uniti~  on a wurld~de basis.
Benth~c  infauna!  urgan~~ also can be fuund in fuu!~ng  ~emblag~  on ships, a phenomenun
~nsiderably cump!~cating  ~nte~retat~u~ of the b~ug~~aphy  of such species ~examp!~  include
the su~he!! clam IV&J arena~a, the salt marsh mussel ~eukensia  demissa, and benthic wu~s
such as capite!!~~  ~Carltun~  pe~una! ubse~atiu~~~.

Mac~init~e  ~1938~ made the un~ua! su~~tiun  th” -nuther  mechan~m  of dispe~a!
relating to ship fouling curnm~~it~~  etited, He dernu~t~ that so~ne ~nve~ebrate  larvae
~g~ted  by fuul~ng-me orga~~~sr~~  may be defecated alive, :g, ~uday~  with the great number
of ‘foul bottom ships’ posing aiung the coast of a!! bunter ; mean of distrjb~tiun  is ~~ru~ded
fur practically  a!! forms of larvae of ~tuarine  animal. Sinwj  ;:he shipwu~~ Teredu ani: other
pe!e~od  piva!ve mu!!usk~  larvae are able to ~t~tand  trips through the alimenta~  tracts uf
other an~rna~~  they may be th~~unveyed  lung d~tan~  from their ptace of ur~~n-~

Entrained organ~ms  are those that may become  entangled on st~ctur~  external to the
ship. On ocean-gu~ng  vessels entrapment may occur on anchu~ and fun sume sapling  vessels)
bobstay chains. Transpu~ may occur fur hundred  or thu~an~  of ~lumete~  before the
organist  are w~hed off by heavy seas- On recreational vesse!s  urgan~~ may become entangled
on the trailers used to transport the watercraft be~een  bodies  of water. Must ~mmun  are algae
~seaweeds~,  aquatic plants, and the urgan~ms  occurring on these substrate.  Carltun-~pe~una!
ubse~atiuns~  1992) has ubse~ed  the fucuid alga ~cunhvllum  nudusum transported fur 14 days
entrained at the base of a bubstay chain on board a sta~ai!  schooner o~hure from Maine to
M~sachuset~~  su~~ng  sea state cundit~uns  of Beaufu~ 7, fur a d~~an~~~  of about 6~ ~lumete~
(375 miles). A little known  phenumenun is ihat hulc  .~~nktunic  urgan~s~~~ may be entrained in
fouling communities  while the vessel is und:~ay~  so- ~semblag~ acting as “nets” ur ~~!te~~
~Car!tun~ persuna!  ubse~atiuns~  thecusume pterupu~ .:a the fuul~ng  co~?nun~t~~  on the aircraft
carrier Uss Hancuck~.  Cheng ~1989~  noted that shop-mediated  d~spe~a!  is one of several
h~utheses  to e~lain  the ~n~ua! djst~b~tiun  of what may have been ur~gina!!y  a solely Pacific
species of the marine seastrider Halobates with populations now in the Atlantic Ocean. Cheng
noted that this untrue insect may have laid its eggs on ships’ hu!!s and so been transpurted from
the Pacific to the Atlantic~  This phenomenon could have been enhanced by the entrainment of
Halubates amongst heavy fuul~ng  ~emblag~.

A very un~sua! method of entrainments  and one which we have nut seen pre~uusly
repurted~  invulv~ square-stemed vessels, such as LASH cargo ships, which create rolling
t~rb~len~ in their wake. One captain  repurt~  to us that he ubse~ed  the same piece of wood
~pr~umab!y  identi~ed  by unique  mar~ngs~  in the wake of his vessel at the end of an ~nteru~anic
vuyage -- in this case, from New Orleans tl Banglad~h, a distant  of XI ~lumete~  ~12,~
miles). He noted that this was “nut uncor I :n”. ~nv~t~gatio~  of th ‘b!e su~va! of
attached and wuud-bung urganis~ in SUL.  ~r~trained  pieces would b 3me inter~t.

Canadian (Scales and Bran,  1973; Gove  and Ma!~3!rn~  ~98~~  L and Wallis~  1981;
Dove  and Taylor, ~982~  and New ~a!and ~~uhnstune  et a!,, 1985) studr:: 1 nave documented the
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role of recreational vessels and trailers in the lake-to-lake transport of aquatic macrophytes. The
role of recreational vessels and trailers in the intracontinental dispersal of zebra mussels
(Dreissena) is now under study (Johnson and Carlton,  1993).

Boring organisms attack wooden structures below low tide line (on fmed structures) and
below waterline (on floating structures, such as wood floats and vessels). Wood borers include
shipworms, which are worm-shaped bivalve mollusks related to clams and mussels. Shipworm
genera important in boring and destroying wooden ships and shallow-water wooden structures
include Teredo. Bankia, and Lvrodus.  The present day distributions of many shipworm  species
may represent the long shadow of maritime history. Similarly, the tiny isopod crustacean
Limnoria,  known as the “gribble”, can be equally destructive in destroying wooden structures.
Additional wood destroyers include boring clams (pholads) and burrowing amphipods (Chelura).
Until the end of the 19th century shipworms and gribbles  were globally distributed by shipping.
Remaining wooden vessels at the end of the 20th century include historic vessels (those in the
water) at maritime museums, tall ships still actively sailing, wooden-hulled naval minesweepers,
and many smaller fishing and recreational vessels, Poorly maintained small wooden utility and .
fshing vessels in tropical waters are typically infested today by shipworms, and may frequently and
unceremoniously sink at anchor or at the dock as a result (C. Fay, personal communication, 1992).
Wooden yachts infected with shipworms  in tropical waters may carry such species north to colder
waters, and infestations may result within the thermal effluents of power plants. Thus the tropical
shipworms Teredo bartschi and Teredo furcifera have appeared in the warm-water effluents of
power plants in Barnegat Bay, New Jersey and in Long Island Sound at Waterford, Connecticut
(Carlton, 1992b). Transoceanic and interoceanic dispersal of shipworms and gribbles may
continue today through the transport of larvae and juveniles/adults, respectively, in ballast water.

The bore’holes  and burrows of these organisms provided habitat for many associated
organisms, ranging from obligatory shipworm  and gribble symbionts and commensals (Carlton,
1979a) to general fouling organisms and errant (vagile) organisms. Indeed, shipworm  and gribble
galleries, particularly those that had become enlarged through the collapsing of multiple burrows,
may have provided deep, recessed habitats for many organisms, such as fsh, shrimp, crabs, snails,
errant worms, and echinoderms (seastars, sea urchins, sea cucumbers), not normally associated
with ship fouling communities (Carlton, 1992a). Such phenomena may explain the early global
movements of the European shore (green) crab Carcinus maenas (Carlton  et al., 1993).

The exterior of vessels has thus historically provided perhaps the longest term, most
fundamental vector for the dispersal of marine organisms. The modern-day manifestation and
importance of this phenomenon are difficult to assess for several reasons: (1) changes in shipping
over the past century (discussed below) would suggest that the predominance of hull fouling
communities may have declined, (2) there are few modern post-transport studies of ship-fouling
communities, and (3) there is considerable difficulty in distinguishing the role of ship fouling from
ship ballast water as the effective dispersal agent for some species. Carlton  and Hodder (1993)
present a detailed, port-by-port description of the recruitment and fate of fouling communities on
the Golden Hinde II, a replica of a sixteenth century sailing vessel, as it sailed off Oregon and
California from Yaquina Bay to Coos Bay to Humboldt Bay to San Francisco Bay, but these data,
at the Hinde’s slow speeds of 4 to 5 knots and with port residencies of about 30 days, are more
valuable as an insight into historical patterns of vessel-mediated dispersal than for understanding
modem-day higher-speed, low port residency transits. Nevertheless, this rare data set from the

’Golden Hinde II provides important insights into the dispersal of organisms not normally
associated with fouling communities (such as large benthic nudibranchs), on the intracoastal
dispersal of native, coastal organisms, and on the differential morphological characteristics of
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errant species that do and do nut get washed off the vessel while at sea.

Change in shjpp~ng  relative  to the rule of vessels in tra~~~~ng  Maine urgan~ms  have
been d~cus~d by Car&on  and Scan~un  ~19S5~  and by Carlton  ~1~2a~*  These change include:

~~cf~~~~~  ~~~~~~  ~~~~~ thruughuut the 19th and 20th intuit.  ~ncre~~  speeds
would lead tu mure  urgan~~ (in terms of both species and numbers being :
washed off the vessel as ~rnpar~ to earlier, duwer voyage ~~run~cal~y~  it is this
~ncre~ed  speed -- leading  perhaps to decrees  external biuta -- that may be
added in part to the greater sum of ballast as an inv~~u~  vectur~  since (as
d~c~sed e~ewhere~  the ballot  water wuuid  now be in shorter transit,  thus
~c~~~~~g  the survival of bandit  Bhutan.

~ec~u~e~~u~  re~~e~~ me. decrees time in port worrlJ lead tr -eased
~~unizatiun  of the vessel by the larvae or umber  d~pe~a~  snags of
urgan~~. Those  species that do settle may ?ave a greaira: ~~~e~h~ ‘1
adults to be w~h~  away because  of the v 4 sett~g  OK: tu sea 1, short
time after larval settlement  and before thq$ . z boy attac~~ed.

~~c~~~e~ lLse ~~ Excel  ~~~~~ ~~~~~~~~~~~~~~.  secreted settlement wu~~d
lead to small&  fouling  b~urn~s~,  and, ~n~~tant~y~  fewer add~t~una~ associated
species in the fuu~ing  ~rnrnuni~.  Hutchins  et al. ~19~~  have noted that
increased fuel costs  and the impurtan~ of shorter in-transit  times be~een  ports
“forces the shipping  ~rnpan~~ to ensure the hulk are kept clean with regular dry
duc~ng and to use modem e~ect~ve  anti-fuu~ing  paints”, (It would  be of ~nter~t
in this regard to examine  the chang~g h~stu~  of dry doc~ng frequent to exarn~n~
this h~uthes~~.

~~c~e~~e~  ~e~~e~~ uf ~~~~ c~e~~~~ As noted in (3) driti- - ecunum~c  forces
wuuld  (or shuuld~  iead to greater ~g~~an~  i : vessel  cler We b~~‘e  iacated  no
quant~tatjve  data to substantiate this hits 1s, and stt Judd be of particular
value here.

These four phenomena combined would su~~t that the dispersal  rzt’ fuu~ing  org~.~~sms  by
vessels  rna~ have  declined  steadily  thruughuut the 20th ~ntu~* abbe there is little dutibt  that
the frequent ~d~pread  movement of m~ive fuu~ing  ~rnrnunit~~ on the buttums  of ships has
dec~jned,  six add~tiuna~  phenomena su~~t that ship-medjated  djspe~a~  of fuul~ng  urganjsms  still
u~u~  on a regular  basis:

Fouled vessels still travel upun the wur~~s oceans. Selected reg~uns  on must
vessel’s hulls elevens  ant~fou~~ng  paint failure, Reg~uns  of the vessel  that were
nut pajnted  while in the yard ~such”~  those hull sites rating against wood  blocks
in the yard, or small, tight spank rn~~ qu~c~y become pruned  by barnacle  and
hydru~~  while the vessel is in coastal waters ~~lun~~~ at sea include oceanic
ba~ac~~ such as Lepas  and ~nchude~a~.  were antjfu~~~ng  paint has been
scraped off by the vessel ebbing  aga~~t  ducks, paling,  fenders, and luck walls
fuu~~ng ~~unjzat~un  may proceed  rapidly.  Thus algal pupu~at~u~  burns -d of
m)Ban~ja~  Chaetumo-~~  Po~h~a~  and Enterumu~ha~ and barnacle  (IT.
have been ubse~ed  ~uur~h~g  in waterline  fuu~ing  of bulk wuudch~p  car s8zrs
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(2)

(3)

(4)

(5)

(6)

arriving from Japan on the Pacific coast of the United States at the end of a 17
day voyage (Carlton, personal observation). Extensive fouling communities can
always be seen growing on the hulls of fishing and recreational craft in marinas
and harbors, but what remains in these assemblages after coastal voyages is largely
unknown. Modem studies that examine the species composition of ship fouling
communities at the end of coastal, transoceanic, and interoceanic voyages would be
of extraordinary value in assessing the importance of this phenomenon as potential
agents of biological invasions.

Slow moving vessels still regularly cross the world’s oceans, including towed barges,
floating dry docks (such as the 254 meter (833 foot) USS Muchikt, which was
towed in May 1992 from the Subic Bay Naval Base to Pearl Harbor), and
semisubmersible exploratory drilling platforms, all at speeds that may be very
conducive to the survival of many fouling organisms.

Ballast water can transport the larval, juvenile, or adult stages of most organisms
that have classically composed the fouling community on a ship’s hull. Barnacle
(Balanus) and mussel (Mvtilus)  larvae are particularly common in ballast water
(Carlton  and Geller, 1993). Curiously, at least four species of seasquirt larvae and
newly settled jueniles  have been taken from 11-13 day old ballast water (Carlton
and Geller 1993) making the attribution of ship fouling as, the necessary agent fur
the appearance of the European seasquirt Ascidiella asnersa in southern New
England in the late 1980s less certain. While it may be mure  likely that successful
inoculation would occur as the result of the transportation of large numbers of
adult seasquirts in fouling communities, as opposed to tadpole larvae released from
ballast water, too little is known about what mediates such invasions to rank one
dispersal vector over another.

Certain organisms have evolved populations that are now resistant to copper-based
antifouling paints, a phenomenon that Russell and Morris (1973) have referred to
as “ship fouling as an evolutionary process”. The fouling brown seaweed (alga)
Ectocaruus siliculosus is the best known example of this adaptation (Russell and
Morris, 1973; Hall et al., 1979; Hall, 1981).

The greater ocean-going speeds of vessels has effectively decreased the length of
time uligohaline-euryhaline  species may be submerged in full-strength seawater, an
argument Roos (1979) has invoked to explain the relatively recent global
expansion of the Eurasian brackish water hydroid Cordvlonhora  caspia.

In years of global economic depression, there may be decreased investment in
vessel maintenance, in order to maximize short-term profits. Many vessels are also
now operated by management companies, and their contracts with Owners  are of
such a short nature that investments to maintain vessels in adequate condition are
not made (Anonymous, 1992a). In these cases, greater fouling would be expected.
(Ironically, reduced maintenance may lead tu increased fuel consumption and/or
longer transit times).

Since the 1950s a number of new invasions of exotic estuarine  and marine organisms have
been recorded from American shores (Table 3-3), offering evidence that the role of vessel fouling
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Japan~e Green Algae 1957: Lung Island
Codium fraae tumentusujd~ Sound; as uf 1993:
~prubab~y tra~~~~ Maine  tu Nu~h
&urn Euru~~ Caru~na

Sian  pique
Stvela clava
~prubab~y t~purted
frum  Euru~~

1973: Lung eland;  as
of 1993: Maj~e to
New Jersey

1980~: Cape cod Canal ~npub~~h~ ecurds  of R. ~jttaker, J.
MA; as of 1993: New Car~tun~  L. Hati. In fou~jng  cornrnun~t~~.
Hampshire to Lung fecund

1983: ~aneuhe  Bay, Oahu,
Hawaj~an ~s~an~~  as of
1993: nut known

1985?: Cape Cud -
Lung elands  as of
1993: Cape Cud Canal
to Nuank CT

Japan~e Red Algae
~t~tharnnjun  njnnonensjs
~probab~y  tra~purted
from Eurupe~

19881  Lung Island  Sound;
as of 1993: the Sam::

Sea Squirt
Ciuna sarong
(JaP~)

19~ ~uthem
~~jfurn~a  hares;
as of 1993: the same

Sea Squirt
M~crocosmos  exasnerat~
~~ndo-Pacj~c~

1980s~  suuthe~
~~jfurnja  harden
as of 1993: the same

Charm Mussel
M~e~~a  cha~ana
~ene~e~a~~

Edible  Brown  Mosey
p e m aPema
~enezue~a~~

1991: TX: Port ~a~s~
and regjun;  as of 1993:
the same
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Car&on and Scan~un~  1985, An abundant
fuul~g weed un pj~~n~,  floats,  rocks,
sleigh,  and vessels.

Car~tun 1987; bran et al., 1992. A very
abundant fuu~jng  urgan~s~  from Cape Cud
to c&em ’ .T?g  Island Sound

Cooke, 1984 ~jntruduced  as the attached
benthjc  stage, bud as the s~hjstumae~

~npub~jsh~  recurds  of J. Carlton,  R: Osman~
R, ~jt~atch~  and R. ~~ttaker~  ~denti~ed  by
Gretchen ~rnbe~, 1992. Abundant fuu~~ng
urgan~m  ~uca~~y.

J. F. Fue~c~~,  pe~una~  cummunjcat~un  ~~~2~~
~mmon on shore substrates

C. and G. Ernst  ~pe~una~  cummunjc~t~un,
19911,  ~mmun  in fuu~jng  cummun~tjes

C. and G. ~rnbe~  ~pe~unal  commun~catiun,
1991); in fu~~jng  ~mrnunjti~

Carltc.
in pm

92b; es~ab~~hed  tempura~~y
iant evident

Hicks and Tannest,  1993; ~mmon on ruck
jetties



TABLE 34

EXAMPLES OF MARINE AND ESTUARINE INVASIONS IN U. S. WATERS
SINCE THE 1950s POTENTIALLY RELATED TO TRANSPORT

IN VESSEL FCjULING  COMMUNITIES: Alternative Dispersal Mechanisms

SDecie.s
Alternative Dispersal Mechanism (other than external fouling) on the
Indicated Pathwav and Time Period:

Codium  fragile  tomentosoides Western Europe to Long Island, late 1950s:
No other mechanism like&.  Not transported to the Atlantic coast on
commercial oysters, as widely stated (see discussion in Carlton  and Scanlon, ’
1985).

clavaStvela Western Europe to Long Island, late 1960s or early 1970s:
Ballast water, as tadpole larvae or metamorphosed animals.

[With all listed seasquirts, transport in ballast water is newly indicated
by the discovery of living benthic ascidian tadpoles and newly
metamorphosed benthic ascidians in 11-13 day old ballast water;

,?... Carltun  and Geller,  1993)

Diulosoma  macdonaldi Southern U.S. Atlantic coast (?) to Cape Cod, late 1970s to early 1980s:
Ballast water, as tadpole larvae or metamorphosed animals.

Anomalorhiza shawi Philippines to Hawaii, early 1980s:
Ballast wafer, as ephyrae larvae.

.

Ascidiella  awersa Western Europe to Long Island and Cape Cod, mid-1980s:
Ballast water, as tadpole larvae or metamorphosed animals.

Antithamnion nipponensis Mediterranean to Long Island, 1980s:
Ballast water, as fragments and whole plants.

s a v i e n v iCiona Japan to southern California, 1980s:
Ballast water, as tadpole larvae or metamorphosed animals.

Microcosmos exasperatus Indo-Pacific  to southern California, 1980s:
Ballast wafer, as tadpole larvae or metamorphosed animab

Mvtella  charruana Eastern South America to Florida, about 1986:
Ballast water, as veliger larvae.

Pema pema Eastern South America to Texas, about 1990:
b Ballast water, as veliger larvae.
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~rnrnun~t~~  in trans~rtjng  nun~ndjgenu~  species remajns  a gable transpurtatjon pathway. As
noted above, the ~tentja~  for species to be transpu~~ either as fuu~jng  urgan~ms  or in ballast
water (Table  3-4) ~ntjnu~  to obscure the rule of the furmer~  particularly  in the absence of
modem studies on ship fulling ~~unjtj~.

The potentja~  role of SEDP’s in the tra~u~a~c  tra~pu~ of nunjndjgenu~  species to
U.S. waters shuu~d  be noted. In the b~t-~u~  jncjdent  to date in U.S. water, large specimen
of the Asian crab P~a~~ja dent&s  were drovers on an SEDP several munt~ after it had
made a 6l-day tra~paci~c cruss~ng  from Japan to Ca~fum~a  ~Benech,  ~9~8~~  the crabs, and other
~jan  urganisms~  including  the large se~qui~ Ha~u~th~a  pretty su~ved  on the platfu~ fur at
least three years (S. P--ech, pe~una~  ~mrnu~catjun~  1979). The SEDP. after a~umu~atjng  a
crow-section  of suut’ Salifurr il biuta, ~entua~~y  went tu the Ph~~jpp~~.-, ‘? a similar
jncjdent~  Fuster and n (1975,,  ducument~ the arr%al aboard an SEC; %w ~a~and with
a tide vanes  of Japz 2 rna~~e  organize  jnc~uding  ba~ac~~~  fish, hydrr 3ind  algae, and
the crab P~a~us~a  depressa  tubercu~ata- Juska and Branch ~19~~  noted tha; .-: appearance in
South Africa in 1986 of the European shore crab Carcjn~ rnae~~ “was probably brought about
by oil rigs, and nut by ships”. ,-.

SEDPs pru~de  a unique  putentja~  means uf ~u~g-d~tan~  transpu~ of Maine urganjs~.
They are ~thuut sjgni~cant  precu~o~ in ma~tjme  ~mmerce. Unlike  large barges that are
towed purt-to-pu~~  SEDPs exist in (and a~umu~ate  biuta frump  outer coastal en~ronmen~ fur
emended  periods of time. SEDPs  have e~e~jve  unde~ater structure  ~F~gure 3-l) whjch  could
(and often do) suppu~ massive  fuu~jng  cumrnunjt~~. Wu~~un  et aI. ~~9~9~,  Hardy ~1981~~  Muss l

et a~.~~98~~~  Furteath et al. ~1982~, Hathaway and LewbeI  ~1982~,  and Lewis and Mercer ~~9~~
pro~de insight  into the bjutic  djve~i~  of such fuu~jng  ~mmunjti~-  Quantjtative studies on the
biota of fure~gn  SEDPs a~i~ng in U.S. water  would be r3C nreat  value.

(4 Fouling  Organ~ms  and ~s~jated  Biuta

Fuu~~ng  urganjs~  also occur on the inside of vessels in areas that are exposed andfur
connected to the external en~runment.  internal sites fur fuul~ng  jnc~ude  the sea chest (the sea
inlet box, or the suct~un  bay) and seawater pipe s~te~~  jnc~uding  intakes  ~Carltun,  1985, p. 332
reviews example  of such fuu~ing~.  As with hull fuu~ing  ~rnrnun~t~~,  an ~soc~ated  biuta can
deve~up  in these internal  fuu~~ng ~rnrnun~tj~, and ~tent~a~~y  include  scores to hundreds of
addjt~una~  species. Sea chests are often located at the “turn of the bilge”, and there are quarry
paired inlets port and starbuard ~Schu~ann,  1990).  The chest is covered with a hull plate damped
with  small holes. In emergencj~  ~where seaw -r ice would block the sea : t plate, fur
exarnp~e~~  ~~h~gh  sea suctjuns~~  used on some v. fur ba~~~t~ng  and fur the : of majn
engine c~~jng water* are located two to thret ‘:rs above the sea chest ir. .~~hormann,
1~).

A seemingly  unusual  jnc~dent  re~atjve  to sea chest fuu~jng  in a cargu vessel  in the trup~ca~
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Figure 3-l

Semisubmersible rig, shown moored, with details of
underwater structures (from Exxon Corpbration  (1980),
The Offshore Search for Oil and Gas. Fourth Edition.

Exxon Background Series, 20 pp.)
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service leads to sume  useful  general ~n~~~iu~~ ~~char~ ~1~~ records the presence of the
~rup~ca~  mu~cid  snail Tbais b~anfurdi in the sea chests of a general cargo vessel  sailing  in the New
Guinea archjpe~agu~.  Fur several voyage the cruise track insisted of Saudi Fabian genial
~a~a~~~a~  Singapore,  and New Guineas  and then to Hull, England,  via Hong Kong; the
pupu~ation  structure of the snails ~the~  were e~dent~~  reproducing in the sea chain  sugg~ted
that they had su~sfu~~~ suave catch inter water temperature  before retuning to the
trup~~-  The snails had become abundant to the point that they had b~ucked  the pipes and filters
of the water booing s~tem,

juiced snails have crawl-away  Young  that emerge from deposited  egg capsules  the
absence of s~mrn~g  p~anktun~c  larvae wuu~d  sugg~t that ~uung  snails were drawn into the sea
chests un ~uating  seaweed or debris, and had suave ~feeding  on fuu~ing  ba~ac~~~ and grub
tu adults in these stake*

rwu ubse~at~u~  map h.7 drawn from ~u~~~  report:

that sea chests I‘: ry be the modern day manifesiat~un  of the do eltered
gamest of empt)  shipwo~  burru~  in pre-2~h  ~ntu~  swum. :esseis,  in
terms of uffe~ng a prut~ted micruhab~ta~  an the vessel fur urg ~1s nut nurrna~~~
~uciated with external hull fuu~ing  -- a habitat  ~nducive to transportation
because of th~.~er  prubab~~i~  of being washed away at sea

that the ~nte~retatiun of the natural  dist~butiun  of such urgan~sms is further
cump~icated  by the advent of the sea chest in the evo~utiun  of the ship. The
d~st~butiun  of must urganjsms  pacing a p~anktun~c  d~spe~a~  stage, and thus unable
to be entrained and tra~~rt~ fur lung d~tan~ by Ocean current  (or by ballast

*Waters would generates  be held to be natural  lath the ex~pt~un  of species
assuc~ated with ~rnrnerc~a~  she~~~she~~~.  Thais b~anfurd~  is a species ~i~ng  on
e~used  reef habitats  Hubert  suede  that the vessel map have ‘specked  up” the
snails near the barrier reef off ~umb~a,  yenta *his snail was carried into the
vessel  (by sume undue  rnea~~~  so it ~r~urna~ .;Id be carried uut funless
they had bud too large to es*zape  through the . boles),  and thus Thais
putentia~~~  intrudu~d to a new reg~un.

As discussed  abuve under external fuu~~ng,  anchu~ can be~me ~uu~ed as well. Both the
anchor itself and the anchor chain may be ~~onjzed  by a varies of urg~nisms~  or the anchor and
chain can entrain organisms (and sediments  and pull  these up and out of the Waters The
entrainment of sediment  by anchu~ is disc~sed below.  Fouled  anchor chain will be taken
aboard and inside the vessel and autumatica~~~  or rnanua~~~ deposited inside the ~chain  tuckered  an
en~runment  uf ideal bung hurn~d~~~  u~gen, and temperature levels.  The extent of the chain
~ucker~s ab~~~~  to sup~rt  life fur emended  periods of time is nut ~0~~ Fur vessels that use
their anchor on a daily or weeks basis on shurt-distant  runs be~een  many Iucal harbu~ or
parts, the muvement of living urgan~ms  on the anchur  chain is ~n~~vab~e~  ~ranspurtatjun  on
tra~uceanic or inter~anjc  vu~ag~ is Iess chain.

C- -Qun ~~~2~~ has argued tha: -d anchor chains we-- nut th bable  Mets by !
which the sbra musseI  was ~ntr~u~d .rth ~erica~ fur .. ?&3Wi- /

:uns:
I
i

PI vessels  from Europe are m : likely tu have bet d up .ks (of ing
cargu~ rather than ha~ng been at anchor (excer Ably , Aef pe:. _ ;) before



departing for North America,

(2) most vessels either thoroughly wash sediments off incoming anchor chain with fire
hoses or have built-in washing systems in the hawsepipes, in order to avoid any
sediment accumulations in the chain locker,

(3) many mussels would be in a crushing environment as the chain passed through the
hawsepipe, into the locker, and piled up onto itself,

(4) seawater may enter the chain locker through waveS or spray, dousing these
freshwater mussels with full salinity salt water.

In addition, four other European freshwater organisms (three fsh and one crustacean),
discussed elsewhere, whose only possible mechanism of introduction is ballast water also appeared
in the same time period as did the zebra mussel in the Great Lakes.

w Planktonic Organisms in Water Systems

Schurmann  et a!. (1990)‘recognized  “four principal types of water” that can occur aboard
vessels. These categories were:

Incidental water: Rainwater, waves and sea spray breaking on deck, water used in
deck lines, and bilge water collected in cargo holds and engine
rooms

Potable water: Drinking, shower, cooking, and galley washing water
Engine room water: Cooling water and boiler make-up water
Waste water: Ballasting and sanitary systems

We recategorize and recognize here ten principal types of water:

Water accidentallv  taken aboard:

(I) Chain locker water
Water taken aboard with anchor chains and collected and sometimes remaining in
anchor lockers; or wave and spray water entering the chain locker. Locker  systems
may have bottom drains to the bilges. There are no published records of any
samples taken in such water.

(2) Bilge water
Water collected in the bilges (through internal condensation, waves and sea spray,
rainwater, anchor lockers, through-hull fittings, stuffing box leakages, etc.). Bilge
water is generally nut regarded as a site fur living organisms in large ocean-going
vessels (however, no records of samples are available). On small recreational
vessels bilge water does carry living plankton (Johnson and Carlton  1993).

Water intentionallv  taken aboard:

(3) Potable water
Drinking, bathing, and galley water. Historically, water barrels carried aboard
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sa~!~ng  vesse!s  have been sugg~ted as the transpu~ mechan~m  of the New
~a!and freshwater hydrubjjd  snail Putamuo~~s ant~uuda~m  to Europe ~~ar!tun
et a!. 1993), and of mus~ujtu~ from ~ntra! Mecca  to the Hawajjan  ~s!an~,
Large rn~e~ vessek take on water from urban supply s~te~~  and this water is
un!jke!y  to he suur~ of Iarger  exotic urgan~ms  (but may ~ntain  viruses and
ba&t~~a~*

Water used in ~u!ing the main power  plant; these are ~ua!!y ~ow~thruugh
step and nut !ike!y to serve as !ong-d~tan~  tra~pu~  mechanisms. ~ceptjuns
could  occur with vesse!s  that have water held in tanks and c~rcu!ate cou!~ng  water
~te~a!!y~ although heatjng  of this water is pr~umab!y  usua!!y bjucjda!.  Res~dua!
uut~ard en~ne water aboard small recreatiuna!  vesse!s  dues ~nta~n  living
p!anktun  ~~uh~un  and ~ar!tun, 1993).

(5) sa~j~~ sy. vater
Stage , Batter. ~utuzua~~  and nern~~~~d~  may ucc his water (see *
~mme. ~chu~~~ :ar!tun, and Doc~d~  ~~~,  as we!! uman viruses
and he!. J ~trematu~~ and studio.  Schumann  ~1~~ ~4 that,
~urgan~n~. such as ~~h~u~chrornuljna  and ~nudjnjum could as easi!y have
~fected the Ba&ic and the ~~tra!ian water  via malfunctioning sewage treatment
plants [aboard ship] as they cuu!d  via ballast tanks.” There is, huwever~  no
evidence fur this. There are no data indjcating  that these marine  ph~up!anktun
cuuld  suave in sewage water or that they occur in such water abuard ships,
Sewage water has, in genera!, a much briefer r~jden~ period aboard must vessels,
being ached out unce  or twice per day throughout the transjt  period, ~ulurn~  of
sewage water transited are very sma!! ~mpared  to baltast water vu~urn~~  The l
equal prubabi!j~ noted by Schumann  of sewage water and ba!!ast water
transpu~ing these urganjs~ is un!jke!y.

(45) Live well wafer
Water tat- -- aboard in dedjcated  holds rlsed  to keep Iive fish, s~e~t~sh,  or bait;
these ari. ) called wet wells or bait w:i!s,  Juhnsun  and Carltor, ~~~3~  note the
presence ~j~ng  plankton in these wells in small  recreat~una!  vessels. ~ar!tun
~~~~~ djsc~~  the rule  of live we!!s in !arger9 Oman-guing  f~hing  vessels. This
mechanism, while often seeming  jnnucuo~~  may play a far greater ru!e than is
genera!!y  s~pecte~ ~~~~cj~~~  ~~~~~~~  ?o ~~ffcuQsr#~  nnd ~~~~c~~~~~~r~~
~u~e~~~~*

Water jntentjuna~y  taken aboard and held in tanks or holds. We review ba!!~t
water in a separate sectjun  in detail, be!uw.

(8) Fire eonf~j wafer
Water held in fire cuntru!  lines. I’% ~~~!ugica!  data are ava~!ab!e  on this water
we&

Water is taken aboard  sume  ships int. A peak tanks to be used as propeller shaft

34



cooling water. The plankton remaining in this water after a period of time is not
kI3UWIl.

In addition, water may collect on the deck of a vessel and remain standing (without being washed
overboard) fur some length of time. This  water is properly categorized as part of the “Aboard the
Vessel” division (below), but we List  it here as part of the total picture of water aboard a vessel:

(10) Incidental water
Waves and spray breaking over and onto the ship, and collected and remaining in
the scuppers  or other deck basins. On lung trips of good weather, such water
would usually dry up ur, conversely, on trips of foul weather, be continuously
flushed  overboard. No data are available to document the role of incidental water
in the transport of organisms.

(C) Benthic Organisms in Sediments

Sediment (mud (silt and clay), sand, or larger size fractions) and detritus may accumulate
inside a vessel in a variety of holds, wells (including suction wells), tanks and lockers. Ballast
sediments are discussed separat,e!,y  below.

Schormann et al. (1990) noted that sediments may enter chain lockers because of
insufficient washings and remain in the damp environment of the locker. Redeployment of the
anchor chain, or active overboard disposal of locker sediments, could theoretically lead to the
release of exotic organisms. Little is known, however, about living organisms in chain locker
sediments. Carlton  (personal observation, 1992) examined mud that had been brought aboard OD
the unwashed anchor chain of the SSV Westward in Ruc!c!and,.Maine  and entered the chain
locker. The mud was unintentionally brought back out onto the deck when the anchor was
redeployed 13 days later in southern Massachusetts. Water temperatures external to the vessel
varied from 11 to 27 degrees Celsius; chain locker temperatures are nut !cnuwn.  Dried sediment
samples that had dropped to the deck as the chain proceeded from the hawsepipe overboard were
collected and rehydrated in 333um-filtered  seawater. There were no living organisms; dried
polychaete  worms and benthic furaminiferans (Elnhidium)  were found in the mud.

Despite this limited observation, it remains possible that under certain circumstances of
suficient mud and water, in cold and/or  humid conditions, some invertebrates would survive such
transport for a similar length of time, if not lunger. Candidate taxa would include dinotlagellates
(as cysts), nematodes, ustracuds,  and many other taxa in their resting stages. Hawsepipe washing
systems occasionally fail, and much sediment can accumulate in the locker. Foraminiferologists,  for
example, identifying species from Recent (Holocene) sediments (conservatively, post-15th century
fur regions under maritime exploration by that time, and post-18th century for much of the rest of
the world) would need to take into serious account anchors and anchor chains in interpreting the
modem distributions of marine and brackish-water foraminiferans (especially fur those species
tha; do nut appear at the same localities in prehistoric sediments).

(D) Maritime, Marsh, Benthic, and Intertidal Organisms in Solid Ballast, Dunnage,  and Cargo

Rocks,  sand, debris, trash, detritus, soil, or any other materials loaded aboard a vessel to
serve as ballast will almost always contain living organisms. Such materials have been referred to
as “solid” or “dry” ballast (as opposed to water ballast). Little if any such ballast is used aboard



vessels  today. Salid ballast was used from  preh~tu~c times unti! the beginning  of the 20th
century  Caritun ~1~2a~ brje~y  refer  sume of this h~to~, As a result, many terrest~a! plan&
and anjma!s  were d~trjbuted around the wur!d,  as we!! as many benthic~  intert~da!, marsh, and
marjtime  ~d~ft, littura!~  strands  species, although far less  is bud about this latter phenumena.
The rule  of sand ba!!ast in creating the modem day d~t~butiu~  of mejufauna  ~inte~tjtja!  faunas
psa~ufauna~  is ~ua!!y u~tudied- r

pacing materials, bud as dunnage~  to secure ur prot~t  cargu histu~ca!!y  included
te~~tr~a!  obsess marsh grist, sea~~s~,  dried seaweeds, mats, buughs~  rattan, and .wuud.
Such materja~ fre~uent!y  may have untanned  living urgan~s~  such as p!an~~ plant seeds, j~~~~
spidery other a~hrupo~,  ea~hwu~~  and snails. It appears that little  or no modem day use is
made of such mate~a!s  lath the ~ssjb!e ex~ptiun of wood pa!!e~~ in cu~ent internatjuna!
trade, although it would  nut be su~~jng  to find such page ~ntinuing  among native peup!~
a!ung  the cuast!~n~  and among the ~!an~ of Eurasi? %a, A~tralja~  South Persia. and Africa

A~uatjc  urgan~sms may a!su be introduced I 2’s cargo Marchand  (194 cribed in
detail how the Me~can saber crab F!a~ch~ru~raos~ :;u~ (as we!! as turtle, frog : snakes
were transported to ~urida on and in cedar bgs 15 :o!ds of cargo ships.

~~te~t~~~~~~~  ~~~s~~~ed  ~~~~~s~s

(E) Fish and She!!~sh

bung  fsh and she!!~sh ~rnu!!~~  and c~taceans~ are ~~ca!!y transported both short
and lung  distant in the “Iive  we!!$ or “wet wells”  of both coastal and ocean going vesse!s,  These
species are untended  fur direct human consumption, or fur transp!antat~un and release in -
a~uacu!ture-ma~cu!ture  uperatjuns. This  ~rtua!!y unregulated movement of urgan~sms  has Ied to
the intruductjun  of both target ~se!ected~  and nontarget Luther  species a~jdenta!!y  mixed in with
target species, as we!! as djse~e~  fish into the Hawaiian ~s!an~  Uganda!!* 1987). In additiun~  as
noted above, the water in such wells may contain J. tunic  urgan~ms  that would -e!eased as
well. -h-

~~anjsrns board the Vessel

Four categuri~ of organisms may be found aboard vesse!s.  ‘Little or no quantitative
~nfu~atjun  is available fur any of these phenumena.

(A) ~!anktun~c  Organisms in ~ncjdenta!  Water

Water taken aboard a vessel through wavy and spray may accumulate in the scuppe~ or
uther depress~uns  un deck. This phenomenon has been d~cussed  above.

@I Benthic organisms

Benthj. Gsms captured by ~sh~ng  vesse!s  may :’ iain on the deck of a vessel
entrained  in ne ;‘s, traw& and grabs, or free on the :’ in scuppe~ or other d-3
depr~s~~ns.  Sr .ecies  may be tra~po~ed  hundr~  c butane  of k~~urnete~ re being
washed uverbuar Garltun  and Scanlun  ~~9~~ specu!at~,., ‘aat the Asian green a!gi ~odjum
fraPi!e tomentoso~~es  may have been transpu~ed west to east around Cape Cod on ~s~e~en~s
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nets. Uriz (1990) speculated that the unusual distribution of the sponge Suberites tvlobtusca  may
be due to similar transport from the Red Sea to off the southwest coast of Africa.

(C) Fish and ShellfBh:  Living Organisms for Human Consumption

Living mollusks, crustaceans, and perhaps even fBh may be carried by vessels for human
consumption on board. It has been speculated that the appearance of the common Atlantic clam,
the quahog  Mercenaria,  at Southampton, England, may have been due to the discarding of
leftover living clams from the galley of an oceanliner.

(D) Aquaria (Pets), Seashells, Curiosities

Living organisms may be intentionally carried by crew and passengers on vessels in aquaria
as pets and as curiosities. Seashells (particularly snails (gastropod mollusks)) may be transported
great distances, later to be discovxed still alive and therefore potentially released back in the sea.
Wolff (1977) has noted that Polish ffihermen  returning from American waters kept living .
horseshoe crabs (Limulus nohohemus)  aboard their vessels and released them into the North Sea.

Summary of Vessels as Dispersal Agents,rw._

In summary, fouling, boring, planktunic, and benthic organisms can be carried both inside
and outside seagoing vessels of many types. Certain stages of boring organisms may be
transported today inside vessels in ballast water or in wooden hulled vessels. Planktunic
organisms may be transported on the outside of vessels when entrained in fouling communities,
and benthic organisms may similarly be carried when they settle as larvae in hull fouling .
assemblages. The transport of maritime and marsh organisms, unce  widely distributed by ships in
solid ballast and dunnage,  may be rare today, with the exception of those species with planktonic
larvae (such as pulmunate  melampid  gastrupods with planktutrophic larvae).
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Chapter 4.

Fur a!! modem u~an-gujng  vesseb,  baliast is water taken ahuard to stabi!jze the vessel at
sea and fur a variety of other puck ~d~c~~  ~!uw~. A brief review of the te~~nu!u~  of
ba!!~ting and ballast water is ?r~ented  in Box 4-1. The type of water ballasted is whatever water
the vessel is in at the time f a. !!~tjng=  Water may be fresh @IS parts -. :; lhu~and  ~u~uu~
dj~u!ved  salts or less), bra; salt  Ievels ran~ng frum 0.5 to 30 u~uo ‘r saii (30 u~ou  or
seaters ~S~pusium  on tb ~j~catjun  of Brac~sh Water,  ~9~9~-  h: -st b~!!ast water will
naturally ~nta~n living urg and va~ng  amuun~ ~!oa~~ of dissuk~t and s~pended  urgan~c
and inorganic  ~rnpuun~  -- k~i snubs  whatever is in the water under the ship at the time of
ba!!~ting~

~thuugh  e~e~rnen~‘~th  bu~!t-in ba!!~t water tanks in vesse!s  date from the rn~d-~~~~
the use of water as ba!!~t on a regjona!  basis ~rnrnen~  in the 1850s with the ~jntruductiun#  of
buj!t-jn  cumpartmen~ in cual-careen  ~~!!je~~  trading  between the Tyne  River and London
~Car!ton,  1985). The advent of ba!!~t water came abuut in order to reduce the time and e~ense
in loading and unloading solid ba!!~t- Over the next 20 to 30 years water ba!!~t tanks became a
mure  integra! part of vesse! design, but it was nut until 1880 that L!ovd’s  Re~jster  began nut~ng -
types and capac~tjes  uf water ba!!ast tanks. Reg~!ar  transo~an~c  and jnterucean~c  use of ba!!~t
water thus did nut cummence  until appru~mate!y  100 years ago, although it is probable that it
was nut until during and after World  War 11 that ba!!~t water in apprecjab!e  ~~~~~~rnes  began to be
moved aruund the world.

Why Batlast aster is Taken Aboard

Bailast water is taken aboard a vessel fur a varies of reasuns (Box 4-2). Vessel safety is
the primal gua!: proper ba!!ast~ng  ~amuunt  and djst~butiun~  reduces stress, pruvjdes  stabj!j~~
aids with prupu!sjun  and maneuverab~!jty~  and ~mpensat~  for wejght  lust  from fuel and water
cunsumptiun- Operational re~ujrements  fre~uent!y  require a vessel to be lower in the water
~re~ujrjng  ta~ng on of Waters or higher  in the water ~re~uir~ng  djscharge  of Waters- ~tering  the
ballast cundjtjun  of a vessel jmpac~  one or mure  of these basic re~ujrernen~-

#Ba!!~t  cond~tjun#  (the amount and d~t~butjun  of watery  direct!y  affects a vesset’s
petulant at sea. In genera!, a vesse!  with too  much ba!!~t aboard is said tu be in a “stifF
~nditiun~  with heavy Iaburing  a:- .~utentja!  loss  of speed. A vesss-’  tith tuu little  ba!!ast abuard
pruduc~ #cran~n~~  or “tende: .r” and wuu!d  have a greater te xy to ca~sjze*  The amount
and distribution of ballast on bl 1~~~~~ and the reason fur ba. ng are determjned  by the
ships’ ulcers based on the spe :I: vessel’s uperatjng  manuals WI& a~tentju~~  to nat~una!
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BOX 4-l

THE TERMINOLOGY OF BALLASTING AND BALLAST WATER

ballast

deballast

OPERATIONAL STATE!3

to take on water fur ballast aboard a vessel, by pump or gravitation.
Synonyms: board, take on, load, fill, ballast up, pump up, pump in, flood

to remove water from a vessel, by pump or gravitation. Deballasting  only is
not exchange.
Synonyms: discharge, take off, off load, pump out, pump down, unload,

dump, drop

reballast to take water back into the vessel after deballasting.

in ballast with no%argo  and with varying amounts of ballast water, often but nut always
near capacity.

’ .with ballast with cargo and some ballast water.

crank (tender) to have “too little” ballast aboard, in the entire vessel or in sume
compartments only (less ballast than required fur maximum stability but still
within safe operating conditions; there may be some free surface in tanks);
ship rolls mure  easily.

stiff

exchange

tu have “too much” ballast aboard, in the entire vessel or in sume
compartments only (low or no free surface in tanks); ship tends to “snap” roll.

deballasting followed by reballasting.  Must vessels  reporting “exchange”
usually mean partial exchange.
Synonyms: flush, flow through, flush through, rinse

umpumpable water that cannot be pumped out of a tank before suction is lost (for
example, because the water is below the pump suction or held in puuls  behind
tank baffles or other structures).
Synonyms: dead water, empty

pressed

u!Lge

permanent

the tank filled to capacity, and perhaps overflowing.
Synonyms: pressed up, capacity, full capacity

is the height of the space between the water surface and the top of the tank;
ullage  is zero  when the tank is pressed.

water taken aboard to be held for a relatively long period. The water may be
exchanged one or more times per year or not be exchanged fur one or more
years; materials other than water are used  for permanent ballast as well.



BOX 4-1

arrival bandit

depa~ure  ballast

in oil tankers bandit water taken aboard  in cleaned cargo tanks.

in oil tankers ballast water taken on board in uncleaned  cargu t--‘rs and later
discharged  uvf >uard except fur the zr layers which are ac *‘ pumped
intu “slop tan>;“.

se~egated

dedicated

tanks desired  and only  used fur bal rater; se~egated  ball :nks may
be ~e~j~~ted  by L~uy~s Re~ster in d*.*.drdance  with ~~0~ ~~~.

cargo h&ds  or tanks set aside tu be used only fur bandit water.

the two major types of bandit tanks aboard subma~n~: majn  tanks, used fur
vertical pusjt~uning~  are either inte~a~  in the vessel’s pressure b&l, or external

clean

dirq

in the form of ~~jster~ on the main hull; a~~ja~  tanks (also called trim
tan~~ are thin the pressure hull, and are used fur t~mm~ng  while
~ubmerg~d.

in oil tankers, the water held only ir. *-,ated tanks; clear1 bal! anks may
be cert~~~ted by L~uyd’s  Rester  or: Lance  with ~~OL ;8. Clean
ba~~~t  is water *wh~~h  has been so c. *ed that the e~uent  th~~~frurn  dues
nut create a visible sheen ur the &I intent exceed l~pprn-  (Cuwley,  1~~~.
Re~~at~un  1(15) of ~nex 1 of IDOL ~3~~ pru~de further de~njtjun.

in oil tankers, the water added to cargu  tanks.
sang: ~n~~ean~  oily,  uity ballast
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TABLE 4-L
DlVERSITY  OF TANKS AND HOLDS USED FOR BALLAST WATER ~

The first tank type in each category below indicates the main type in that category. Additional tanks in that
category are either subdivisions of the main type or represent an extension (for example. double bottom  tanks
and wing bottom tanks).  Names in parentheses are synonyms. Most tanb, except peak and deep tanks, and
cargo holds, are divided into equal-sized port and starboard compartments. Further division of ballast tanks
can be extensive, resulting in 30 ur more separate ballast tanks in some vessels, and up tu 96 separate tanks
in a modem  container ship (LSD41 class).

DOUBLE BOTTOM TANK!3  (DBTs) (Bottom Tanks)
Wing Bottom Tanks  (WBTs) (Lower Wing Tanks, Double Bottom WTs)
Duuble  Bottom Wing Bottom Tanks  (DBWBTs) (Lower  Wing Tanks)
Bottom Side Tanks (BSTs)
Tunnel Tanks (‘TX)

WING TANKS (WTs)
Upper Wing Tanks (UWTs)
Lower  Wing Tanks (LWTs)
Flume  Tanks (FF)

Heeling Tanks (HT) __.___

SIDE TANKS (STs)
TOPSIDE TANKS (TsTs)

FORE PEAK TANK (FPT)
Upper Fore Peak Tank (UFPT)
Lower  Fore Peak Tank (LFPT)
AFl- PE4K TANK (APT)

Trimming Tanks

DEEP TANKS (DTs)
Half Height Deep Tanks
DECK TANKS (DKTs)
Between Deck Tanks
Underdeck Tanks

COFFERDAM  (CD)

CARGO HOLDS (CH)

[Segregnted  Ballast Tanks]

[Dedicated Ballast Tanks]

(Top Wing, Topside, Topside Wing Tanks)
(Double Bottom Wing Tanks, WBTs)
(“Stability Tanks”, may also refer to specific
Uwrs)

(Top Wing, Tupsid‘e  Wing, Upper Wing Tabk,
Shoulder Tank)

[APT is often used to carry drinking
water or permanent cooling water for
the propeller shaft]

[Fore or Aft Peak or Deep Tanks; type of .
UWT or TSTj

(Tween Deck Tanks)

[Found on sume tankers; nut normally
constructed or used as a ballast tank. CDs are
normally used as a drainage from the other
tanks,  although occasionally containing a large
amount of seawater]

[Any tank in which only water is carried,
usually applied to tankers]
[Unaltered cargo tanks used exclusively fur
ballast]
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~i~~i~e~  the furces on t~~.~~~~ of the asps or pa~ja~~~  loaded vesseI.  hII stress
is d~&r~~~  in tee of shear forces and binding ~u~en~~  each  of waist has
sp~~~~~  quantitative  rangy that could  or would lead to extending  a vess&s a~~~i~
to retain intact if the rangy were exceeded. ~a~~~t water may ah be used to
canter the ~~d~t~u~  of bang up ~j~~ps  plug ~ndit~un~~  or flexing  dawn
~~~~~~s  (“sag ~nd~t~un~~  dying ~uading  qnd u~uading uperatiu~~

To ~~ in ~~~~~~: ~a~~~t~ng  down  brine a vessel fuwer  in the water, thus
s~~~~rging  the rudder and r~d~~~ng  fr~~~ua~d  exposed tu winds cubing  abeam of
the vessel at sea; ad~~st~~nt  of trim and list aids in ~an~~v~ra~~~i~.

f

2% ~~~~~  ry- ~~~~~ -F&J f -W ~~~~~ ,~an~ ports a I’ _ s~uresid~
~nd~tri~s  have sp.Ac dru .-eqt- ;em tht require ships !, have.  more ballast
water aboard (in urder to gdr unc: iuadbg c-mes or chutes, c; in order tu
na~gat~ under ~r~dg~s~  or less water aboatr: {in s~a~~uw port r-i;,m~eis  or ~~rt~s~.
~~r~ng ~uad~ng u~rat~uns~  ~~~k~~~ ~nta~~~~~  car carriers, RuRus,  and uther
vesseIs  will ~untjn~a~~~  adjust their ~a~~~t  tu maintain  a prup~r  r~~atiuns~ip  with
derrj~~~  crank, ~unta~ner  tracks, car ramps, and so fume.

Tu ~~ fbr ~~~ gurney  af sefz ~ ~~~ ~~~: 3a~~ast may be
taken a~uard  to reduce the ruII of the vessel  in order to in~re~e  p~s~nger  and
crew ~u~furt, and to reduce damage  to ~argu, independent  of other stab~~i~  needs.
High tanks (fur examples  wing tanks and tupside  tangy are nur~a~~~  used fur this
p~rpus~ (3’. fleck. ~~~una~  ~~~~ni~atjun~ 1991).



(American Bureau of Shipping, U.S. Coast Guard) and international (Lloyds, various
Classification Societies) requirements for the proper maintenance of the stability of the vessel at
sea. Vessel stability and ‘ballasting are covered extensively in the literature and are outside the
scope of the present study.

How Ballast Water is Taken Aboard

Ballast water is pumped aboard a vessel from several meters below the water line with
dedicated ballast pumps. The same pump and the same external hull openings are used to take
water into (fill or ballast) and remove (discharge or deballast) water from a vessel. The ballast
intake is covered with a steel plate (a grate or strainer) with numerous holes of 1.0 to 1.5 cm
diameter. These plates are often rusted through in part, creating openings of several hole
diameters combined. Water may be gravitated in ur out of a particular tank or hold but not
generally both gravitated in and out of the same hold. Tanks above the waterline (fur example
topside tanks) would require that water be pumped in but these may be ,%mptied  by gravitation.
Tanks below the waterline (fur example, double bottom tanks) can be filled by gravitation, but
would need to be pumped out to be emptied. It may be possible by pumping the ballast in
different tanks to both gravitate at least some portion of the water into and out of a particular
tank, but some pumping would&ill be required elsewhere.

Some vessels have automatic ballasting systems. Many container ships have what may be
the most advanced computer-interfaced ballasting operations of any modem commercial seagoing
vessel, with ballasting requirements being automatically determined based upon changing cargo
loads. .

Reported ballast pump capacities vary from 75m3/hour  (NABISS data) to 2500m3/hr
(Pollutech, 1992). Among 48 vessels the largest pump type we encountered was 1000m3/hr;  the
majority of vessels possessed pumps of 150-350m3/hr  (n = 17 vessels) and 600m3/hr  (n = 11
vessels). In 159 woodchip  bulk carriers (Japan -- Pacific Northwest route), in the 40,000 - 50,000
DWT range, ballast pump capacities ranged from 780 to 975m3/hr  (Carlton  et al., 1993b). Many
modern container ships have pump rates of about 500m3/hr  (about 132,000 U.S. galluns/hr).
Vessels with a single pump aboard with a pump capacity of 2500m3/hr  (chosen as an average
pump rate for control option costing purposes by Pollutech (1992)) would be rare. A pump rate
of 600m3/hr  corresponds to 158,500 U.S. gallons/hr;  of 1000m3/hr,  264,000 gallons/hr,  and of
2500m3/hr,  660,500 gallons/hr.

Why and Where Ballast Water is Discharged and/or Exchanged

Ballast water may be discharged or deballasted from (pumped or gravitated out of) a
vessel, followed in some cases by immediate reballasting (deballasting plus reballasting is the
exchange  of ballast water), for the reasons given in Box 4-3. Deballasting to reduce the vessel’s
stiffness, for weight compensation as loading proceeds, and to navigate in shallow channels are
industry-wide practices. Altering ballast condition for temperature, bulkhead, or fuel temperature
compensations, to influence speed, or for water quality or sediment management are more specific
to individual types of vessels, ballasting locations, trade routes, and are less industry-wide. In
reality, officer experience, habits, and desires, aboard vessels with unique situations and ballasting
characteristics, frequently dictate the actual ballast condition which a ship is in.
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Luther than as mandated by ballot  water exchange  requirement
fur control of the jntrodu~tjun  of nunind~ge~u~  specify

~~ ~~~~~ A vessel would debal~~t  when ta~ng on suf~~ient  ~argu~
~uipment,  fuel, water, or pe~unnel. Vessels w-ill ~e~~~~~~~  in the port or harbor as i
~uadjng  pru~e~  or, anti~ipat~ng  ~uad~g  and d~i~g to save time at the port of call,
~~~~~~~~~  in ~~~~ ~~~~  ~~~~~  ~~u~~~~~ the ~~~~ur  ~deball~t~g may ~u~en~e  in sume
cases 10 to 12 hours or more before port a~val~. Vessel may re~Q~~Qst  later in the loading
process,  ur after luad~ng  is ~mplete,  to achieve proper trim before depa~ure.

P&HZ  ~~ ~~~ Spank  rn~rn~rn  draft requirement  in a port may require that
vessels have less water ,oard.  A vessel may thus ~e~~~~~~t  w’ ’ - ~ru~eding into or ~th~n
the port. Ad~~trnen~ , ballast load may occur at the duck gu luad~n~un~~~ad~ng
prOt.Ed.

Tu ~U~Q~e~~ ~ ~~~ in &.e ~~~ Ewe. essel  mu~ng frum fresh
water to salt water may take on ballot  to ~mpe~ate  fur in: .;d buuyan~~  while a
vessel mu~ng from salt water to fresh water may d~~harge  water. temperature  change
may be s~f~~ient  to aff~~f water denser  as well.

~~~ R&z&r  ~~~ ~~ A vessel with  freshwater ballot  (as from the
Mississippi  Rivers  headed into nu~hern latitude  may change water to avoid ballot
~eezing.

I l

~u~~~~~  fbr ~~~~ ~~~~~  A vessel sailing into wager latitude with
colder ballot  water may e~e~en~e  ~undensation  on ad~u~n~ng  bul~ea~  and in cargu
holds, and change ballast fur warmer ambient water a~rdingly.

~~~~~~~~  Fad m *izng= A vessel with co!der  ballast watt
adjacent  to fuel tanks may e ~~~en~‘~uling  and t~~~k~ning  of the
ballot  fur wager ambient  wades (if available~ a~~rd~ngly;  this wit
the ur~g~nal  colder ballast can cume  up to ambient sea temperatu~~.

.I in tanks
nd change

.z fuel faster than

~~~e ~~ in ~~ SCIU=  In calm weather, a vessel may debal~ast  tu lighten  its weight
and increase  at-sea speeds and decrease fuel ~~umpt~un.

~~~ u~~~~  ~~~~ cuff Water taken up in a port or ~arbur and known or
s~~~ted  to be polluted may be exchange  at sea fur “clean” ocean water.

~~~ u~~~~ Water with  high sediment (mud (silt and flayer loads may be
exchanged  fur open ucean water. It is a pra~ti~ award ~ntainer  vessels,  fur example*  to
exchange  ballot  water (in a tank-by-tank f~hjun~  after lea~ng from sediment-laden
harbur Waters  ta~ng advantage of the ffnatura~  roll”  of the vessel  at sea to kef- ‘he mud
in s~pens~~n  during  deb::“  sting ID. ~e~eth, pers ~~rnrnun~~~  .ion,  1992)

----m-e
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Potential Patterns of Where Water is Ballasted and Wbere it is Released

A critical concept in ballast water management is that the source regions and release sites
of ballast water can occur in a complex fashion along the vessel’s route. In the following
discussion, “point” refers to a stationary site of ballasting and “enroute” refers to ballasting while
the vessel is underway.

Ballasting patterns can be as follows: point/point, point/enroute,  enroute/enruute,
enroute/point,  and a!! other combinations (e.g., point + enruute: enruute + point). In effect then
one vessel may ballast as follows:

Site A : Port of origin (point)
Vessel is ballasting up prior to depatture (and may still be canying ballast from
previous ports)

Site B : Inshore (neritic) or offshore waters (enroute)
Vessel continues to ballast while undenvay

Site C : ‘Open ocean waters (enroute)
Vessel takes on or discharges water for trim
and/or  stabif@  or undergoes exchange

Site D : Inshore waters near destination port (enroute or point)
Vessel takes on or discharges water for stabilization
in heavy seas, for passing under bridges, or for
standing by near docks or at anchorage while awaiting berth

Site E : Destination port (point)
Vessel takes on or discharges water to compensate for cargo
loading or unloading

One vessel may thus have water from multiple sources, unmixed and mixed within the
ship, with different water in different tanks. Biologically, this translates to the vessel accumulating
organisms from a!! multiple ballastings  at many sites. It is thus important to note that organisms
in arriving ballast water are not necessarily strictly estuarine or coastal in origin.

Container ships represent perhaps one of the best examples of the constant -- virtually
daily  -- movements of ballast water, typically taking up and discharging some quantity of water, in
a “Johnny Appleseed” (“Johnny Clamseed”) fashion, wherever they go. Table 4-2 presents
examples of such water movements in two ships in the Pacific Rim trade. These data represent
recent vessel transits as transcribed by us from the ship’s arrival/departure condition reports when
we boarded the vessel (NABIWNV data).

In practice, vessels may actively avoid ballasting under certain situations. These include,
(1) avoidance of ballasting up water with high sediment loads (to avoid sediment accumulation
and the additional weight, to avoid removal costs, to avoid shallow ballast tanks filling with
sediment, and to avoid the uptake of sulphate  reducing bacteria, the main cause of microbially-
induced ballast tank corrosion (Anonymous,lW2b)  and (2) avoidance of ballasting up what is
known or believed to be polluted water (to avoid subsequent clean up costs in the tanks). A
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third site-specific reason for altering ballast operations has been proposed by Australian scientists
and advocated by the International Maritime Organization (IMO): avoidance of regions known
to be sites of harmful phytoplankton  (toxic dinoflagellate)  species. We expand this latter concept
to a broad “Global Hotspot  Program” herein.

Some vessels reported taking on freshwater as ballast from the city water supply system, to
avoid taking on polluted water or sediment-laden water, or to avoid tank corrosion and thus
reduce maintenance. NABISS national port and vessel surveys found this practice to be rare,
however.

The movement and release patterns of ballast water are such that no coastal sites, whether
they receive direct shipping or not, are immune to ballast-mediated invasions. Workers have
occasionally assumed that locations that are not major ports are not likely to receive ballast water-
mediated introductions. Four factors complicate this interpretation: (1) ships may release their
water as they pass along coastlines, sufficiently inshore that onshore advection (transport) may
carry meroplankton or holoplankton  into small lagoons or bays or any other coastal location, (2)
ships may release their water at major ports, but species may be subsequently transported on
coastal currents to adjacent coa@! sites away from the harbor, (3) coastal vessel traffic, including
barges, small fishing boats and sailing boats, may disperse species from initial sites of release to
small embayments, marinas, and so forth, and (4) other commercial activities, such as aquaculture
(mariculture), may inadvertently transport species to distant locations. The presence of an exotic
species in a small estuary or lagoon far from major commercial ports thus does not in and of itself
necessarily mean it (or, of course, its parental predecessors) was not initially introduced by ballast
water to the region in genera!. .

Ballast Tanks and Capacities

Water is carried by a vast variety of vessels (Table 3-1) and held in an impressive variety
of tanks or holds (Table 4-l). Figures 4-1, 4-2, and 4-3 illustrate different ballast tank
configurations in a general cargo ship, container ship, bulk carrier, ore carrier, tanker, and RoRo
cargo carrier. The advent of segregated and dedicated ballast tanks came about through national
and international efforts to reduce the discharge of oily ballast in the ocean. Oil and water do
not mix in these tanks. Segregated ballast tanks are those in which only water is carried; these
always have separate ballast piping. Dedicated ballast tanks are unaltered cargo tanks used
exclusively for ballast (Carlton, 1985; Curtis, 1985). Petmanent  (“locked in”) ballast may be solid
ballast (lead, pig iron, drilling mud, concrete, etc.) often placed lengthwise above the keel of the
vessel or may be water ballast that is rarely changed (semi-permanent).

Ballast capacity can range from hundreds of gallons in sailing boats (Nuuse,  1988;
Callahan, 1991) and fishing boats (NABISS data) to tens of millions of gallons in commercial
cargo carriers (Tables 4-3 and 4-4). There is no international standard on the unit of
measurement reported for ballast capacities; these are variously given in metric tons, short tons,
lot@ tons, cubic meters, U. S. gallons, or Imperia! gallons and barrels. A Capesize  bulk carrier
may carry up to 75,000 MT (about 19,800,OOO  gallons) of ballast water (Hi!!, 1990). An ore
carrier travelling  from Europe to Brazil may carry up to 120,000 MT (about 32,000,OOO gallons) of
ballast water (Captain K. Kiyota, Master, M/V Keisho Maru, personal communication, 1989).
Tankers with similar ballast capacity travel tu Valdez (NABISWAPHIS  data). Jones (1991, p. 9)
notes that a large cargo vessel in the Australian trade has a ballast water capacity of 140,000 tons
(about 37,000,OOO U.S. gallons). A large oil tanker travelling from North America back to the
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Figure 4-2

Structural Profile (including Ballast Tanks)
of an General Cargo Ship, Container Ship, and Bu!k  Carrier

(from Lluyds  Register) ’
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Figure 4-3
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TABLE 4-3

LLOYD’S REC ISTER’S (LR)’
SPECIFICATIONS OF BALLAST WATER (BW) CAPACITIES AND DISTRIBUTION

IN SIX VESSEL ‘IVES

Units are in MT
Total BW capacity also shown (in parentheses) converted to U.S. gallons
[Tanks and holds in brackets: individual tank capacities nut indicated in LR]

Container Ship 2,400
(6MQC’)

Bulk Carrier 18,QOO
(4,755&q

Vessel Tvne Total BW Caoacity Tanks and Holds .

Genera! Cargo Ship 4,200 Deep tank midship aft
(1,109,510) Deep tank midship forward

Tunnel tanks
Underdeck tank aft
Underdeck tank forward

.P...
[After peak tank, half-
height deep tank, fore I

’ .peak tank]

Deep tank forward
Side tanks (in Nu.1&2
holds)
[After peak tank, fore
peak tank]

Topside tanks in holds
Combined bottom  and
side tanks
[After peak tank, fore
peak tanks, no. 4 hold
ur deep tank]

Ore Carrier 10,ooo
(2,641,7t-q

[After peak tank, fore
peak tank, bottom tanks,
side tanks]

Tanker

!

20,500
(5,415/w

“Clean ballast tanks
[Side tanks]
[Half height] deep tank
forward
[After peak tank, fore
peak tank, cofferdam?]

RoRo Cargo 350
(92,460)

Deep tank forward
[Forepeak tank, other
tanks]

l Lloyd’s Register  of Shiming (1991),  London (three volumes)
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Persian Gulf could have 280,000 tons of ballast water (in ballast and in cargo tanks) -- or about
74,000,000 gallons of water. Typical ballast tank capacities in an Atlantic Class Vessel (ACV)
container ship (built in the mid-1980s) and in a D9 (early 1980s) container ship are shown in
Figures 4-4 and 4-5 respectively.

In general, vessels of various types carry ballast water proportional to their deadweight
tonnage (DWT).  A “universal estimate” of a typical proportion may have less value than (as used
here) a vessel type-specific estimate. Schormann et al. (1990) stated that a vessel may carry “up
to 30 percent” of its DWT as ballast (their Figure l), or “between 25 and 35 percent DWT’ (page
20-3). Jones (1991) calculated ballast capacity for bulkers and tankers as 60 percent DWT.
Pollutech (1992) noted that ballast capacity may be 25 percent DWT on the average, 20 percent
DWT for short voyages, and 30 percent DWT  fur heavy weather (with up to 40 percent DWT fur
“severe conditions”). They calculated ballast in general as 25 percent DWT. In the present study,
ballast capacity was calculated for individual vessel types (general cargo, tankers, and bulkers)
through the use of regressions based upon data gathered by NABISSlAPHIS  in the field. Ballast
capacity data also appears in NABISS tonnage tables (Tables 4-9 to 4-12).

“In Ballast” versus “With Ballast” Vessels
.h..

Vessels are said to be ‘h ballast when they have ballast water and no cargo aboard. A
vessel is with ballast when cargo and sume ballast water are aboard. Vessels on their “ballast leg”
normally carry the must ballast water. Vessels on their “cargo leg” may also have ballast water,
with amounts varying relative to the needs to provide stability fur the vessel.

“No Ballast on Board”: Uapumped and Unpumpsble Ballast Water .

Inbound vessels that have released their ballast water prior to or during cargo loading, and
outbound vessels with full cargo loads, may have sufficiently little BOB that the mariner would
report a ballasting condition of “No Ballast on Board” (NOBOB), even when very small amounts
remain. Ballast may remain aboard a vessel because it is “unpumpable” (water trapped in tank or
hold spaces such that the pump may lose suction and yet water remains in the vessel) or because
pumping was not completed (“unpumped”). While the amounts of unpumped or unpumpable
water, or of trim water in a loaded vessel, may be only in the hundreds or thousands of tons, from
the point of view of a marine biologist these volumes of water (tens of thousands to hundreds of
thousands of gallons) may still be of sufficient quantity to support an abundant and diverse
assemblage of living organisms. It may be taken as a general rule that, with rare exception,
virtually all vessels have some ballast water aboard all of the time.

Acknowledged, Unacknowledged, and Cryptic Ballast

U. S. Customs and port records do not normally record the amounts of ballast water
carried when vessels are “in ballast”, and usually do not record the presence of ballast water at all
when vessels are “with ballast”. We suggest in our Recommendations herein changes in how the
U.S. Customs Bureau collects ballast and cargo condition data from arriving vessels that would
permit capturing these data.

Because of the lack of federal reporting on ballast, we define the following categories of
ballast, two of which overlap fur conceptual purposes:
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Ballet ~umpa~ment  ~~p~~~t~~  of an A~ ~ntainer  Ship
courtly  of Sea Land, Inc.)

F~~~~  4-4



Ballast Compartment Capacities of a D9 Container ShiD
(courtesy df Sea Land, Inc.)

.

Figure 4-S



Ac~ow~ed~ed  Ballast
Vessels & ballot  as reputed in uncial  guve~ent records. The vu~urn~  uf
water actually aboard  and the vu~urn~  of water to be d~charged  are never
r~rded~ Vessels with no ~~~~  are recorded as in bandit,  regardl~  of actual
bandit  ~nd~t~un-  Last port of call ~~OC~  data are ~~a~~y  ava~~ab~e~  but LPUC is
often nut the sumac sours of the water on buard  (see d~c~~un  page 92).

~nac~uw~ed~ed  Ballast
Vessels & bandit  water; these are not reads to or by guve~ment bureaus.

c~tic  mallet
~nac~uw~~ged  ballast, unpumpab~e  ballot, reported NU~U~ when there is
some minimal  F Ind bandit  water on bo :* . .- -vessels  nut recurded  by
gove~ment  re The latter are ~~rna~~ tary vc At this time we do
nut have a mea ~timate the ~3’ .:ne of n and :ic bandit water
being transpurt~  .-; U. S. Navy m% .;y car I supp ~ eb. We ~dent~~
this inab~~~~  as a ~tentia~~y  majur  gap in unto ending  tti ,~~p~ete  rule of
shipping in the ~tentia~  introduction of nuni~~~genu~  species.  An add~t~una~
example  is the s~~ubme~ib~e  e~~oratu~  dazing p~atfo~ ~SED~~~  u~hure
drilling  rigs w~ch may transport nut only bandit  water but emerge fuu~jng
communiti~  as well.

How Oid is Bassist W~~~T~

Prior to deba~~~t~ng,  ballast water can vary in -age” ~~ength  of time r~~dent  in the tank or’
- hu~d~  from < 24 hours to many months. ~ntainer  ships and RoRus traversing  aeon coastal

ports Grill  take up and deba~~ast  water at d~ffetent  ports in less than one day, At the other
~~rerne~ vessels may take on #permanents  or “sernj-pe~an~~,.- tater ball~~t,  ~pecia~ly  in double
butturn and peak tanks, which  may have a tank t~~~en~ c v rnut~~~ fure being ~~~ng~=
Little is ~u~ about the ph~ica~,  chem~ca~,  or bit- :@a1 3 s of I 1” water. W~~~~a~  et
al. ~~9~~  sugg~ted that “few? if any, an~ma~  are A$ to snt 2 iransit  time of abuut
24 days” in bulk cargo vesseL  arming in A~tra~~a urn  Ja, a&or: $5) noted the presence
of a diverse array of along urgan~ms  in bandit  watL; 3f dz, , and fuund  apex in water 95
days old.  tether  these latter organisms  (a) were the urig.., .^ ~n~rna~  ba~~~ted three munt~
earlier, (b) were second or third generat~un  animals d~~nded  from the u~gjna~ animals or cc> (as
suggested by Williams  et al,, ~9~~  were released from encysted stage-s, is not known.
Nonethe~ess~  it does scent  that as lung  as the chemical  and ph~~ca~  en~unment  in a tank does
not degrade below the abjl~~ to suppu~ life, %Id” bandit  water may ~ntajn  living urgan~~~ It
may be noted that ~rtua~~y  nuthjng  is known of the biu~ugjca~  stats of even “gong  haul” water
(such as water frum A~tra~as~a along  on the U.S. East ante.

~~~~~~t  W~~~~ and ~~dirne~~  as a cubist and ~~~~~~ ~~~~~j~rn for ~~~~~ O~~~j~rns

;
Car&on  ~1985, p. 315) has ~aracterize ; ~h~~ca~-chemjca~  er: -~nment  in a ba~~~t~

tank or hold as fungus;

lhere  is no light. Tank ter~~~~ratur~  may either remajn  close to u~g~na~
temperature of the ballasted  water or, mure commun~y~  rnj~or (w- some lag
t~rne~~  thin one or twu degrees*  the water or air temperature the vessel is in or
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passing through. Such variations depend upon the position and size of the ballast
tank. Oxygen content may vary considerably, depending upon initial concentration,
the amount of air space remaining in the tank after it is filled (the ullage,  or the
height of the space above the water surface), the size of the tank, and the nature
of the tank walls (for example, whether heavily rusted or not)... Other variables
dependent upon the location and time of ballasting may include water quality
(extent of organic or inorganic pollutants), salinity, pH, and sediment load. Some
of these (such as salinity) may remain stable during a given voyage, while others
(such as temperature and oxygen) may change considerably.”

There may also be additional in situ sources of contamination (from metals, grease, oil, old- -
cargo) aboard the ship, although these are rare, and usually are caused by minor leaks  or by
accident. More serious is ballast tank corrosion (Anonymous, 1992a). Corrosion induced by
sulphate-reducing bacteria, taken up with high sediment loads in harbor waters, can produce
extensive ballast tank corrosion in the form of severe localized pitting (Anonymous, 1992b). In
turn, high concentrations of sulphate-reducing bacteria produce aggressive metabofites, destroy
corrosion resistant additives, depolarize cathodic processes, and create changes in the
concentration of oxygen; the bacteria are anaerobic and given the right conditions will  form
sulphides  (Anonymous, 1992b)~

While tanks ‘and holds in vessels may at times not support any living organisms, such
events are rare, and almost a!! vessels ever sampled in Canadian, Australian, and U.S. studies to
date have been found to contain living organisms (Bio-Environmental Services, Inc., 1981; Jones,
1991; Hallegraeff and Belch,  1992; Carlton  and Geller,  1993). There is now no question that

.ballast water provides a viable in-transit habitat for a wide variety of freshwater, brackish water,
and marine organisms. We estimate that more than 500 different species of animals (zooplankton
and benthos) and “plants” (dinoflagellates  and algae) have been found in U.S., Australian, and
Canadian studies. NABISS interviews with ships’ officers and crews revealed a number of
incidences  when (for example) “little fish,  one inch long,” a “school of crabs,” and “millions of
shrimp” were observed in ballast tanks.

Figure 4-6 presents the hypothetical sequences of events that take place during the
uptake, transportation, and release of aquatic organisms by ballast water (Carlton, 1985). This
sequence provides a framework for biological investigations. From the surrounding waters at any
given location a subset of species is drawn into the vessel (Stage I), depending upon the time of
ballasting (a broad suite of different organisms are typically in the water column at night, arising
from bottom sediments as nocturnal vertical migrators), the tidal state (ebbing tides bringing
organisms from up-river sources, flood tides bringing organisms from down-river sources), the
depth of ballasting (many species are vertically stratified in the water column, and thus would or
would not be ballasted depending upon the depth of the intake), and so forth. Vessels which
have remained in port for a number of hours or days may also have their intake grates and
openings temporarily colonized by local species which, when the ballast pumps are activated, may
be suddenly drawn into the vessel (an excellent example of this phenomenon (Carlton, 1985, p.
356) is the propensity of crevicolous  (hole-seeking and hole-dwelling) fish, such as gobies, to be
transported by ballast water around the world, a phenomenon linked to these fish entering the
ballast intake covers while the vessel is tied up at the dock).

The potential diversity of “ballastable  biota” is often not fully appreciated. Virtually a!!
aquatic organisms that can occur in the water column, actively or passively, or be stirred up from
bottom sediments, or rubbed off harbor pilings, could be ballasted into a vessel. We review this

59



WlASt IANK .
1 :

ASSEMOLAGL I
WlASI 1 AUK

ASSEMllllAGL  UPOU

I

: aobue~n
#iAHKlONlCl I

fSlAbL ISuEo

AlrRlVAE M~ECC1VIH6

I

NEK~ONIC 5tfClES
‘H;;“tmy;‘IO

I

IHIAKIE Of IIAllAfI SPECIES
WAIta lWl0 SIIIt SW;:M'

coly~~loH CoHllHuto

EtlVlaoHUEnl
nrtrooucIlo~~

8f lHIaoQUetO
StEcIEJ

..~-- -.--- .---. .- ..-



background biota in Box 4-4.

Biological data for Stage I - II are limited. Studies in 1981-82 (Carlton  and Navarret,
unpublished) with the R/V Knorr at the Woods Hole Oceanographic Institution (WHOI),
comparing shipside  plankton to plankton in ballast tanks immediately after ballasting revealed that
(a) not al! species in external plankton tows (to the depth of the vessel’s intake) re-appeared in
the ballast tanks and (b) some species occurred in the ballast tank that were not collected in
shipside  plankton tows. An alternate explanation for (b) is that there were residual organisms left
over from earlier ballast water (although in this particular case this was not likely, given the
T h e s e  r e s u l t s  u n d e r s c o r e  t h e  p a t c h y  n a t u r e  o f  p l a n k t o nKnorr’s history of ballasting).
populations, and indicate that thorough species lists of the plankton at a site would be required to
understand the full range of ballastable biota.

The eventual ballast biota (Stage II) is then transported from Point A to Point B. We
discuss natural mortalities at this stage in Box 6-4 in the control options section. Those species
arriving alive (Stage III) are then released, although since most vessels do not or cannot deballast
all of their water, some of the organisms from Point A remain aboard, hypothetically to be
deballasted elsewhere in the ship’s voyage, or mixed with “new” ballast from Point B. The
released organisms are thus incm&ted  into the environment; if reproduction is successful, certain
species may become established.

Data for Stage II - III are similarly limited. Four studies are or will be available:

(1) Studies in 1981-2 (Carlton  and Navarret, unpublished) with the R/V Knorr at WHO1
quantified in detail the differences in diversity and abundance of holoplankton  and l

meroplankton  in the Knorr’s ballast tanks at the beginning and at the end of cruises of
different durations. Post-transport survival was high with differential mortality and/or
survival (and reproduction and metamorphosis) experienced by different taxa; these results
provided the initial impetus for continuing ballast studies at WHO1  and later at the
University of Oregon.

(2) Studies aboard the R/V Knorr on a voyage from Scotland to Iceland to Newfoundland
to Massachusetts (Carlton, 1985) again with differential survival among different taxa.

(3) Studies aboard the M/V Martha Ingram, on a voyage from cold northern waters (New
Hampshire) to warm southern waters (Gulf of Mexico) (Carlton, 1985),  documenting the
survival of a number of cold-water species we!! after the ballast water had risen to ambient
sea temperatures.

(4) Studies completed by G. Hallegraeff and G. Rigby  in a trans-Pacific voyage aboard a
bulk carrier from Japan to British Columbia (G. Rigby, persona! communication, 1992, and
Hallegraeff and Rigby, in preparation), demonstrating the effect of varying the extent of

i ballast exchange on the presence of residual organisms from the original ballasting site.

Al! of these studies indicate that there is differential survival between stages II and III, but that
the remaining biota at Stage III can be abundant and diverse.

Most available studies focus on Stage III, the ballast tank biotic assemblage upon arrival in
the port of call. The discovery of living organisms in ballast water and sediments was announced
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~~ua!!y a!! planktun~c  and sounded  aquatic urgan~~ that can occur  in the water ~!umn LouId
be ba!!~ted into a vessel. Out!in~ below are the category of ~a!!~tab!e b&a,” We indude
here obsess  ~~c~e~~~  P~~~s~  ~j~e~~d~~g  ~P~~~z~~~s~~,  bingo  and quads, and plants and
~~j~~~s.  It is ~mpurtant  to note that the P~~s~~gs~  P&~~~e~s~  and s~b~~n~  of a!! of these
organza  can of cute  a!so be tra~~~~.

Ne~s~un~e  ~~~n~s~s~  those that occur at or near the air:sea ~terface~  are potentially
ba!!~tab!e if carried by turbu!en~ or Iota! du~we!!~ng to the depths of the ballast
intakes (a pr~umab!y  rare event). Such organ~ms  ~nc!ude  lanrae and juveniles  of &.e &-
~-~-~u~ beak 4% ~ ~~ ~~~ ~~~ us ~~ use ~~~~  ~~~, =
us r&e sea ~ curry.

WhiIe  the global focus on ba!!ast water has been on the transucean~c  or
~nteruceanic  mr ment  of coastal ~nerit~c~, sha!!uw-water  urganjsms~  an often
over!ooked~  bu ~entia!!y  critica!, ro!e of ba!!ast is the movement of open ocean
species betwee .zan basins. Vesse!s  fr~quent!y  ba!!ast andlur  exchange their
water along tht . .~njppjng  ruut~~.  High seas, oceanic organisms such  as
~~~~, ~u~~~r~  ~~~~~~~~~,  ~~~ ad
~~~~ uthe~se  r~tricted by major oceanic gyres and temperature
boundaries (such as the trop~ca!  barrier be~een  the northern and suuthern
hem~spheres~  could easily be transited  and released preen Ocean basins.
Ballast water has not been examined as a potential e~!anat~un for the at times
un~ua! disjunct  populations of ce~ain groups in the Paci~c and At!antic  O~ans.

As with ~eanic  huluplankton,  bud reads ~~~~g egg ~~~~~
~~~~e~  are s~~ptib!e  to transpu~ by ba!!~t between Utah and ucean basins.
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BOX 4-4 (continued)

THE RANGE OF ORGANISMS THAT COULD POSSIBLY BE BALLASTED INTO A VESSEL

Demenal Organisms
Those organisms that migrate vertically up into the water column at night. Many shallow-
water organisms rise up off the bottom and become common in the water at night. These
organisms include a variety of small cru~lnceans  (~ggammarid  amphi@&  &xx&
mysla, czdmllcellns,  cmngonid  and otheTshknp*  and txnthk haqmdicoid  copepodr sw?le
jish species,  and&@aete  wm. The presence of such organisms in abundance in the
ballast water may mean that the vessel ballasted at least a portion of its water during the .
night. Carlton  et al. (1993) note that by returning at night to sample the cargo hold of a
bulk carrier, demersal organisms rising from the bottom of the tank (through a > 15
meter water column) caa.be found.

Tjdwplanktonk  Organisms
Those bottom organisms that get swept up into the water column (by tidal currents, waves,
ships’ propellers) and remain buoyant in the water for varying lengths of time. Examples .
include forums, jlatworms,  polychaetes,  cnutaceans  (wpqmds, amph@d,  iwpodr, and
tanaids), hykoidir,  knthk wpepotiq  insect larvae,  miteq  and nematades.

Benthic 0rganim.s  in Sediknts
Those organisms that could be brought into a vessel with bottom sediments include all of
the benthic  groups h-ted above, as well as leeches,  oligochaete worms and insect larvae and
adults.

Fluting,  Detached Biota
A broad suite of floating, detached organisms can be drawn into a ship, including seawee&
(algae), seapsses  (eelgrass, Satgas-  turtle  gnus), and marsh pknts, as well as the
epiphytic  organisms on the blades of floating plants, such as q&&id  tcrbewonnr,
btyozoans,  seasquds,  and sponges,  molhdshq and crustaceans.

“Migratory” organisms include such unusual animals as the wood-boring gribble Limnoria,
a tiny isopod crustacean which undergo nocturnal excursions known as migrations by
swimming between wood habitats (and for which ballast dispersal -- in the form of the
uptake of small pieces of gribble-infested wood --

j (1985)) .
has been proposed; reviewed in Carlton

Fish and SheU@h  Diseases, Pathogeq  and Parasites
As Hutchings  (1992) has noted, marine diseases, pathogens, and parasites, including well-
known mariculture and aquaculture diseases, are potentially transportable by ballast water.
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by A~tra~ian sc~ent~~  in 1975 ~Medcof*  19753, followed  by more e~ensive studies published  in
1988 ~~~~~~arns  et al, 198x).  Elegant  work has ~ntinued  on this phenomenon  in A~tra~~a
~Ha~~e~~e~  et al., 1990, Ha~~egrae~ and Belch,  1991, Jones, 1991, Ha~~egraeff and Belch,  1992,
Ha~~e~ae~,  1992, Hutch~ngs~  1992). Canadian  alto-En~ronmenta~ Services, Ltd., 1981 (see
Carlton,  1992, p= ~9~~  for ~mrnen~  on this st~dy~~  Locke et al., 1992a,  b$ Locke  et al., 1993) and
United States ~~ar~ton~  1985, KellyP 1992a,  1992b,  Carlton  and Gellet,  1993) studio  pro~de
fu~her  emerge Iists  of the animal and plants that have been found alive in post-transit  bandit
water and sediment  sarnp~~.  ~acte~a  and ~~~ have also been found  in ballast tank sarnp~~
~~io-En~~~rnenta~  Services, Ltd., 1981, Adess,  1982, ~S~~~C~~~~  1991, Ha~~e~ae~  and
Belch,  1992, p- 1082,  Jones and ~augh~ey~  1992). All major phyla  of Maine organist  have now
been found in bandit water and s~~rne~~.  The total num~r  of species from alI of these studio
now exceeds 5UQ a number  that may well respond to the number of species in tacit in
Iowans  of vessels around the world  OR a~~ ore ~a~.

I

The release of species into the entropy ‘stage III to Stage IV) leads Irs d~fferer~~~a~
survival  of the species invojv~.  The greater the ~~rature di~eren~  bervzen  oonor ~so~r~~
and receiver ~target~  recur the neater the pro ‘T of high rnu~a~iti~. “i ia m.>st  organ~ms
from trupica~ ports will nut shave or reprod~~ nperate or boreal ports. and ~~-ve~a.
~ceptjons occur where trop~ca~  and subt~pjca~ s,.,.cyes are tra~~rt~ to and ~~~ab~~h
reproducing  populations  in power plants the~a~ e~uen~~ a phenomenon we~~-~u~  in Europe
and Nurth Mecca ~~ar~ton ~~~2b~  refer example among rnu~~~~  for Atlantic  North
redcap-

As disc~sed  in chapter  5, many other va~ab~~  in addition to temperature medjate  the
potential  sutvival  of newsy-rebels organza. Thus even when and where temperature  are
similar be~een  the ballast  water and r~ei~ng water, sa~ini~, o~gen, eights fuud, and Mary
other factor may be inhospitable  or ~im~ting~

l

A very smah number, perhaps less than three percents  of all species released by most
t~~~~  mechan~ms  concluding  bandit  Waters  actually become ~tab~~shed  in new regrow ~St~ge
V). As demonstrated by the zebra mussel and many utner important  invaders, huwever~  the
~~~~~~ of ~~~~~ce~ species is not related to their environmental  or societal ~rnpac~.  Only one
su~~sfu~  invader is required  to dramatjca~~y  alter the envirunment.

~ou~jng  organisms on the inside of bandit  tanks appear to be rare, or are rarely reported.
Newly settled barnacle and hydrojds  have been observed at the waterline  of balloted cargo holds
in bulk wo~chip  ca~je~  a~i~ng at the end of a two week voyage from Japan to Coos Bay*
Uregun ~~r~tun  et al., 1993). These urgan~ms  had been taken aboard as larvae,  settled out, and
bud du~ng the voyage. Emp~ng uf the tank to Load  cargo leads to the ~mp~ete  rnorta~j~  of
these fouling  urganisms- ~iu-En~ronmenta~  Sear Ltd. (1981, vo~~rne  I, page 7) repour
~enc~tatiu~# on the walk of a balIa& tank, but this appears to have been in errur ~~ar~tun~
~npub~shed~-

S~pended  rnater~~ ay be taken aboard into bandit  sited  with water from any
~ocatjun.  These materja~s  . :y then settle in balloted cargo holds and in ballast tanks. In cargo

/
I
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holds such materials may be combined with residual cargo, such as woodchip  fibers and fragments,
to form a combined bottom layer (a “sludge”) of chips and sediment. In ballast tanks sediments
may accumulate as a mud layer (perhaps mixed with rust and other tank wall derivatives). Muddy
accumulations in ballast tanks are rarely in excess of four inches in depth in a two to four year
period (J. Schormann in Adess,  1982, p. 10). Canadian workers report (IMO/MEPC,  30th
Session, Agenda Item 15, page 15, item 5.3.5.4) that “vessels whose tanks have been treated with
non-toxic epoxy coatings are less likely to retain sediment.”

Williams et al. (1988) report analyzing “mud, shovelled from the bottom of drained ballast
tanks into buckets” in Japanese vessels arriving in Australian ports. This mud was examined for
the presence of macrobenthic animals. Sediment volumes examined ranged from between five
and 30 liters per vessel. Polychaete worms and crustaceans occurred in these samples, including a
wide variety of amphipods, shrimps, and crabs.

Hallegraeff and Belch  (1991) report that of 200 cargo ship ballast tanks sampled by
Australian Quarantine and Inspection Setice (AQIS) officers between 1987 and 1989, over 70
percent “had sediments on the bottom of their ballast holds”. Thirty-one of 83 of the samples
examined contained viable dinoflagellate cysts. One ship was estimated to contain more than 300
million cysts of the toxic dinoflagellate Aleramfrium. By 1990 a total of 343 cargo vessels had
been sampled from 18 Austrahanports  (Hallegraeff and Belch,  1992). Of these, 65 percent “were
carrying significant amounts of sediment on the bottom of their ballast tanks,” although some of
the remaining samples were sediment free because tank bottoms were inaccessible. These
sediments consisted of “fine brown or black sediment” with “an estimated 100 tonnes of sediment
per ship.” In these studies “ballast tanks” refer to both true ballast tanks and to ballasted cargo
holds (Hallegraeff and Belch,  1992, p. 1068). Dinoflagellate cysts (resting spores) were present in-
50 of the 100 sediment samples examined and five contained toxic dinoflagellate species. Diatoms
were also common. Samples from the cargo holds were more likely tu contain a high proportion
of live cysts than double-bottom, wing, or topside ballast tanks (Hallegraeff and Belch,  1992,
p.1072).

Kelly (1992a, b) found that bulk cargo woodchip  ships interviewed in the State of
Washington disposed of collected sediments overboard once the ship departed local port waters,
but that “the collection of sediments for all ships involved a cleaning procedure that occurred
when the ship was at dock or anchor, and resulted in the discharge of sediments directly into port
waters.” Williams et al. (1988) had similarly earlier reported that sediments were dumped
overboard in ports in large quantities. We discuss NABISS findings on sediment management in
ballast tanks below, and sediment disposal and control alternatives at option 23.
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Nines-seven  vessels of 12 different  types of vessels were garde in 21 ports (these are
cornb~~ as 17 purt s~te~ in Table  4-5). Met ~~~ent were ~ntainer  ships and bu~ke~,
fu~uw~ by tanker.  The g~~aphic d~t~b~tion  of vessel board~~ was as fo~~o~~  East coast:
26, Gulf coast: 22, Pac~c coast: 40, ~~kan coast: 3, ~awaijan coast: 6. In addition, as noted in
chapter  2, a operative  pru~am with  ~SD~~~S  pru~d~ us detains information for m&e
than 1OOO  vessel. Also as proudly  d~c~~~  we ana~~d in detail selected data sets on vessel
arrivals available  through ~~tu~-~ns~  data gathe~g and s~th~~.  Taken together, these
data prided us with an e~e~ive  and deta~ed  picture of bandit  practi~  and ~ow~edge in the
ante States. .

Records  of 3 eater U~~tj~~~ ~BUPS~ Aboard ?%sds

%a: ter Operat~u~~  cur ~UPS~  mean !he entire prop of wh. %&en,  where, and
how water is ;ht into or taken out of a vessel. U ,: dete~ined  what recc :s are ~ica~~y
kept aboard v~cb (a single vessel may have more than one mean of r~rding these data):

(3)

(4)

(5)

Only 6 v~se~,~er~nt~  stated that they kept no BOPS records at all.

24 vessels (25 percents  kept some type of record on ~o~p~te~, These data were
notably  retained fur relatively  long Perot.

46 vessels (48 per~nt~  kept sume type of record in tie ships  log. Tfiese records .
could  include  dates and times pumps were started and stopped, tanks ballasted  or
deba~~asted  and noon position  platitude  x longitudes  fur the days when BUPS were
conducted and re~rded.

20 vessels (21 per~nt~  kept some type of ~pe&i~c  ~~~~~st

57 vessels recorded BOPS in the fu~~o~ng  (total 86 reco iingle  vessel  may
have more than one additional  records:  uii po~~~tjon  recc :k, 5; bell book, I;
uf~~r’s pe~ona~  quick ~capta~n,  ~ua~e~~ter~ ~~t~chjef  mate~of~cer~en~neer,
ca~enter~~  18; ~nditiun  report (arrival and departure at each purt~~ 19; su~ndjng
~u~uk ~dai~y  or w~~y~, 15; engine room ~u~ok, 4; ballast water report form,
1; deck log or duty book, 5; port ~0~00~  2; ~oad~cargu  Iug or stabj~j~  ca~cu~atjon
record, 15.

Ships’ 0~~~ were asked to advise us on (a) normal operatiu~  when f~e~~jng~  [b) normal
operations in ad~~ting  fur trim or list whj~e  docked, and (c> nu~a~ operations when along  or
depa~~ng  a port.

(A) Nu~a~ Uperatio~  hen queering

Nines-Eve  vessels r~ponded to this ~u~t~un;  85 (89 grunts vessels Normandy did nut
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TABLE d-5

NABISS PORT VISITS: TYF’ES AND NUMBERS OF VESSELS BOARDED BY I’ORI

PORT VESSEL TYPE’

Norfolk

Baltimore

Charleston

Savannah

Tampa

Miami

New Orleans

Galveston

Houston

Bqston

LA/LB

San Diego

Honolulu

SF/Oakland

Portland

C o n t  C/GC GeCa  B u l k  O B O  T a n k  ChTk  RoRo C a r R e e f  L.4SH CR

3

4

5

Seattle/racoma

Anchorage

10

1 1 1

1

2 1 2

3

2

1 2

1 3

‘-.., 2 1

1’ . 2

1

3

1

1

1

3 1

4

.

1

2

14

1

2 -

1 1

1 1 1 ,2 2 l , 2

TOTAL 31 1 4 29 1 9 4 4 5 4 1 4

l Vessel Tvpe  Codes:
Cont Container
C/GC Container/General Cargo
GeCa General Cargo
Bulk Bulk Carrier (Bulker)
OBO Ore/Bulk/Oil
Tank Tanker (usually petroleum)
ChTk Chemical Tanker
HoRo Roll-On Roll-Off (vehicles, trailored cargo)
Car Car Carrier (specific)

Reef

LASH

CR

Reefer (refrigerated vessel,
usually for perishable food)
Lighter-Aboard-SHip (barge-
carrying vessel)
Cruise (Passenger) Ship
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N~ne~-~~  vessels r~ponded to this qu~t~un;  16 vessels ( cent) had no preferen~
as to whether they conducted BUPS in or out of port. ~i~-sev~ sek reported that they
prefe~ed to take on ,ba~~~t  water while in the port ~prubab~y  to as .z stab~~i~  before departure~~
while 42 vessels (44 percents  racy that they preferred to take on bandit water outside of the
port ~~ua~~y  related to taking on “dirty’ 3~. “Preferences  was- of buses  subjective  -- an ufEcer
would not “prefer” to take on BW outside of the port if his vessel would have been unstable  to
get there; answer were predicated on the ~umptjon  that the officer  had some choice as to
where BW was taken on.

have to adjust their bandit  ~ndjt~on  as a result of fue~~jng  ~bunkerjng,  ta~ng on bunkers etc.],
Five vessels  reposed  that they regularly  d~charge,~ ~W while fue~~~ng  ~apparent~y  to compensate
for the weight taken on), 3 additional  vessels also .~orted  that they regularly  discharged  BW
while ~e~~~g  (here apparently to majnta~n  turnip J 2 vessels  reported that sometime they took
on BE’* and sometime they djscharg~ SW, when cueing.

@I Nu~a~ ~ratjo~ in Adopting for Trim or List While Docks

~jne~-~ve vessels r~ponded to this qu~tjon~  6 (6 per~nt~  vesseL  jndicated  that they did
not notably  conduct BOPS at the dock. however, 45 vessels (47 per~nt~  reported that to
ma~tain  trim and list ~minjrn~e  list) when handling  cargu a~ongsjde  the dock* they notably  took
on or discharged  BW as requjred~  26 vessels (27 per~nt~  reported that they nu~a~~y  shifted
onward BW as requjred~  and 18 vessels (19 per~nt~  reported that they inducted  whatever
BOPS seemed nec~sa~ at the time (took on, d~scharged~  or shjfted~.

codas  operations bike bung or Depa~~ng  a Port

BOPS By Vessel  Tws:
.

AU 31 ~ntainer  ships r~ponded  that they were p?oabIe  of ~cum~~~te~y*  exchanging their
ballasts  One vessel noted that this was dependent upor -Gty,  and an r noted that it w~~u~d
not include  34~ MT of freshwater ~permanent~  balIa. :er in an exe,.. ..e. Relative to fue~~jng
operat~uns,  2 vessels (7 percents  nurma~~y  discharged*  ;: 1 vessels (7 percents  nurma~~y  took on
ballast as a ~~equence  of fue~~jng~  and 1 vessel  (3 per~nt~  notably  took on or discharged
ballast as requjred.  The remajnjng  26 vessel (84 per~nt~  did nut Normandy have tu adjust their
ballast as a consequence of fue~~~ng.  Re~atjve  tu dock-side ad~~tments~  30 (97 percents  vessels
Normandy conducted  some kind of BOPS white  at the dock, whj~e  1 vessel (3 per~nt~  did not. Five
vessels (16 percents nu~a~~y  took on or discharged bandit  at the dock, 17 vessels (55 per~nt~
Normandy shifted  onboard ballast while at the dock, and 8 vessels (26 percents  nu~a~~y  took on,
discharged or moved bandit as require while at the duck. Re~atjve  to a~jva~~departure~  10
vessel (32 percents  preferred to conduct their BOPS in port, 17 vessels (55 percents preferred to
induct  their BOPS outside the port, and 3 vessel  (10 per~nt~  had no preference.

Bulkers

Tans-none  (97 percents  of the 30 buIk ships r~punded that they were capable  of
~~rnp~ete~y#  exchanging  their bandit.  One vessel (3 percents  re~rted that it could not exchange
~4~~ MT of bandit  in its ~ng tanks. Re~at~e  to fuel u~ratjo~~  1 vessel (3 percent) notably
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took on or discharged ballast as required as a consequence of fuelling. The remaining 28 vessels
did not normally have to adjust their ballast as a consequence of fuelling. For trim or list at the
dock, all 30 vessels normally conducted some kind of BOPS while at the dock, taking on or
discharging ballast, while only 2 vessels (7 percent) normally moved onboard  ballast between tanks
while at the dock. For port arrivals/departure, 14 vessels (47 percent) preferred to conduct their
BOPS in port, 9 vessels (30 percent) preferred to conduct their BOPS outside the port, while the
remaining 7 vessels (23 percent) had no preference. Due to the nature of a bulk ship’s cargo, and
to the quantities of ballast moved as a consequence of regular cargo handling, most of the
“normal” ballast tanks would be handled (filled) while at the dock.

Tankers

Thirteen ships reported that they were capable of “completely” exchanging their ballast.
Regarding fuelling operations, 2 (15 percent) vessels normally discharged, and 1 vessel (8 percent)
normally took on bal1ast.a.s a consequence of fuelling. The remaining 10 vessels (77 percent) did
not normally have to adjust their ballast as a consequence of fuelling. Relative to dockside
operations, all vessels ndrmally conducted some kind of BOPS while at the dock: 6 vessels (46
percent) normally took on or discharged ballast at the dock, 3 vessels (23 percent) normally
shifted onboard  ballast while at the dock, and the remaining 4 vessels (31 percent) normally took
on, discharged or shifted ballasTas  required while at the dock. Six vessels (46 percent) preferred
to conduct their BOPS in port, 3 vessels (23 percent) preferred to conduct their BOPS outside
the port, and 4 vessels (31 percent) had no preference.

Description of the General Relationship between BOPS and Cargo Carried

Container Ships
.

Container ships can carry thousands of containers and stop at dozens of ports on regular
round-the-world trade routes or on a regular run between a few ports. As discussed earlier, as
the vessel loads and/or unloads at any given port, the distribution of cargo on board constantly
changes, resulting in changes in the vessel’s trim and list. Trim and list are compensated for by
adjusting the cargo, taking on or discharging ballast, or shifting unboard ballast. A container ship
often carries ballast from many different ports (Table 4.2),  usually homogenized to some extent in
the various ballast tanks. Our APHIS survey indicates that while in port, container ships discharge
and take on 300 to 400 MT of ballast water on average in each port.

.

Bulkers

Bulk carriers may be on standard repetitive trade routes, such as many of the west coast
woodchip  carriers going back and forth between Japan and California (Sacramento), Oregon
(Coos  Bay), and Washington (Port Angeles and -Tacoma),  or they may carry a different cargo to a
different port on each trip.

i These ships often carry a single bulk commodity such as coal, ore, woodchips, sugar,
wheat, or scrap metal. These commodities may be loaded in total at one port and unloaded in
total at the next port. By necessity the bulker has to arrive at the loading dock in ballast,
discharge its ballast while loading is underway, and depart in partial or full cargo. Also by
necessity, the bulker generally arrives at the unloading dock in full cargo, takes on ballast while
the cargo is unloaded, and departs the dock in ballast. Bulkers may also pick up partial loads of
cargo (scrap iron and woodchips are common examples) at a number of sequential ports before
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This is a spun, ~buugb  not unj~e~a~  sj~ua~jun,  Bulkers  often carry mixed bulk
~~ud~~~~~  break bulk, general cargos or ~n~a~ne~  that ~a~ be loaded  and ~n~uaded  at
deferent  ports. In these cases, the b~~ker’s  BUPS are di~~a~ed  by the ~a~gu carried, and the bulker
“acts” Iike break bulk, general cargu or ~n~a~~er  bagel  with respect tu its BUPS. The u~~us~~e
is also true: a break bulk or general ~argu ship ~a~ng  a s~ng~e-~~~ud~~  had of coffee bean’s
witi  “act” Eke a bulker with respect tu its BUPS. It would have to have arrived in ba~~as~  at its
~uad~g  port, will  travel with  IittIe  or no ballast while ca~g a full bad of cargo, and wilf be in
ba~~~ again after d~&~ar~ng  its cargo at the d~~~na~~un  puti-

BUPS  of general cargq  carriers,  reefers, and RuRus  are ah de~e~~n~d  by the cargo
carried. S~ng~e-~~~ud~~  ~argu~ with single ~uad~ng and ~n~uad~ng  ports ~~a~~~ dictate BUPS
similar tu those  of a bulker  or crude carrier, while  ~~~~j~~e-~~~ud~~  ~argus or trade ruder
jnvu~~ng  ~~~~~~~e  ports dictate BUPS s~~~~ar  to a ~n~a~ner  carrier. The ~u~~~e~e  s~ec~~~
between the twu e~re~es can be fuund.

~jne~-fu~r vessels BUS ~er~n~~  refused  that they were eatable of ~~dergu~ng  a
~~u~~~~~e~  exchange  of BW at sea. Of the 2 vessels that could  nut, one was ~n~a~ab~e  uf
exchanging  ~4~~ MT of BW. ’ :s ~a~ab~~~~ was de~e~~e~t  spun good  weather ~undj~ju~s  at
the time of ex&bange and the s :y of the ship ~w~e~~  :r’ or nut the ship WUE:-~  retain er:.y&
s~ab~~~~  during  exchanges.  ‘I’M. *even vessels (28 per<  .:nt) refused that the-: had exch aged
their ballast water at sum time . Ae past. In at least 5 vessels this 4: a @%ai exchan;  2, and
in 5 others the ba~~~~  tanks were added by ~uw-t~ru~g~  exchange-  In pne add~~~una~  casz, a
vessel  ~und~~~ed  a ~~~~e~e exchange  and then add~~~una~~~  added her ianks.

Eleven vessels exchanged  their 3W because it was regeared  ur bereaved to be regeared  by
their ~u~n~~  of d~~~na~~un  ~Canada  I, ~~~ra~ja~ew  ~a~and 7, China  I, brazer f, WA I (the
latter because the ~a~~a~~  was unsure  if there were reg~~a~juns  or nuke. Eleven  vessels exchanged
their BW to get rid of ud~r~~  water. Four vessels  exchanged  their ballast water to get rid of c&d
wagers this was ~~a~~~ dune to avuid  ~nde~a~~un in ad~a~n~  hutds,  a~~~u~g~  one vessel returns
that the c&d water was ~ausjng  the fuel in adjacent fuel  tanks to ~~~~ke~  One vessel exchanged
the fresh  water in its ba~~~~ tanks so the water wu~~d  nut freeze on a trip to Alaska,



5 years, averaging 2.3 years (about 2 years and 4 months).

Forty-three vessels (45 percent) reported that at least sume of the BW tanks were
inspected on a regular basis (that is, more often than during dry-docking), as follows:

21 BW tanks inspected more than once/year
16 BW tanks inspected once&ear
2 BW tanks inspected every 2 years
3 BW tanks inspected whenever the ship is fully loaded with cargo (that is, the BW

tanks should be empty)
1 topside tanks of a bulker were inspected each time before they were loaded with

cargo
1 BW tanks inspected every 5 years (every second dry-docking)
1 BW tanks inspected every 5 years (every second  or third dry-docking)

Eighty-six vessels were asked if they had ever specifically had a “problem” (defined as a
maintenance or management problem) with sediment in their BW tanks. Sixteen vessels (19
percent) reported that they had a sediment problem at some time. Thirteen vessels (15 percent)
reported sediment problems reflarly or occasionally, with sediment having to be removed in dry
dock or by being “hosed out” as required. Amounts were reported as depths (“SO cm of mud
flushed with hoses”) or volumes (“5 barrels of sediments two months ago”) or as weights (four MT
removed at the last dry-docking, or 2.5 MT of sediments removed before the last dry-docking).
One vessel had its tanks commercially cleaned every four to five years; another reported that
sediment was cleaned out every five years. One  vessel recalled sediment problems once in the .
forepeak tank.

Several officers reported that if possible they avoided certain harbors, ports, or general
regions that they believed had high sediment loads. These sites included fur example the
Mississippi River, Cook’s Inlet (Alaska), Anchorage, and Montreal.

Maintenance Operations: Anchor Systems

Ninety-six vessels (100 percent) reported that they had a washing system in their hawse-
pipes to wash the anchor chain as it was taken on board after use. In some cases, the nozzles
were reported as damaged or the system was othetwise  not working entirely as designed.
Twenty-eight (35 percent) out of 81 vessels asked reported that they had some type of regular
inspection schedule of their chain lockers as follows: more than once/year (21), oncebear  (6),
sounded daily (1) sounded every few days (l), inspected after heavy seas (l), after muddy ports
(l), and every trip (1). One vessel reported inspections only once every two years (with dry
docking every five years).

Forty-one vessels (43 percent) reported that the chain lockers were only inspected during
drydocking. Three vessels reported that the chain lockers were inspected at every second  dry-
docking (one, every  2 years (dry-ducking annually); one, every 3 years (dry-docking every 1.5
years), and one, every 5 years (dry-docking every 2.5 years)).
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In the fu~~u~ng~  multiple  answer were pussib~e  (and thus the tutal adds to mure than 100
per~nt~=  The uf~~~  of 44 vessels (46 per~nt~  repu~~ that they were in sume  way aware that
living  urgan~~  can be tra~~~~  in ba~~~t  water. The officers  of 26 vesseb {27 ~er~nt~  were
aware that the IMU was ~n~~~ with the traces of urga~s~ in ballast, In add~t~un*  the
ulcers  of 43 vessels  (45 orients  were aware that sume ~unt~~  had injtiat~ or were ’>
~ntemp~at~ng  BW ~ntru~s to r~t~~t  the tra~~~ of urga~~. This latter number is ~jke~~  to
be an uver-~t~at~~  ~ussib~~  related to ~mmuni~at~un  prub~e~.  ~thuugh  the uf~~~
s~~~~a~~~  stated that they believe  the ornate  behind BW untrue  in these bunter  was
related tu the tra~~rt of these urgan~~~  it is beak in sume cases that the ~ntru~s were, in
fact, related to ~ntru~~~ng  the discharge  of oily BW. ~unt~~  re~rt~ were ~gentina,  I;
~~tra~~a~ew ~a~and~  27; Canada, IO; ~~nd~na~a, 4; USA, 6 (one s~e~i~~a~~~  fur Los ~ge~~~~
China, 2; Japan, 2; Ur~e~~het~and  ~~an~, 4; ~e~~an ~arnua~ 1, and Chile, 1.

As d~~r~bed  in ~ha~~~~, U.S. ~~~ bureau  data fur 1991 ~de~ved  in turn from US.
autos data) were used to ~timate  the number  of ship arrival, the number uf arrivals in ballast
from furei~ ports, and the LPUC of these arrivals fur the 21 ports visited by ~~~~~.  These
data are shuw-n in Tables 4-6,4-7 (a, b, c, d), and appends C-

Of over ~~~ vessel a~~va~s  in the 21 ports, aF~ru~mate~~  21 urgent ~9,2~8~ were l

vessels a~i~ng from fureign  ports in ba~~~t  ~th~, with a&~uw~edged  ba~~~t~.  Table 4-6 and
~ppend~  C prude a purt-be-pub and munth-by-munth  summa~  of these data. San ~iegu~
~jarn~, ~a~vestun~  New Ur~ea~~ and ~unu~u~u  repr~ent  the top five purl; ‘*- tern of
percentage of vessels adding in ballast  enable  4-7d).  yearns, ~uustun~  Ne xk, New Ur~eans~
and Seattle are the top five pur in tern of number uf vessel ar~va~ frur: 3gn ports  (Table
4-7a),  New Orleans (92 differ: :: LP0C-s  amung a~~v~ng  vessels  in ba~~~t~ Weston  (84 L~UC~~
Tampa (76& Nurfu~k  (48) and _ ~~timure  (44) rank as the top five ports  in t- s of number of
LFUCs  per port (Table 4-7~). New Ur~ea~ is in the top five ~or~ of all three ~ateguri~.

These ran~ngs  relate to several ~ssib~~,  but ~ur~~ unde~t~d~ re~at~unsh~~s  be~een
vessel traf~~ ~atte~ and nun~ndjgenu~  species ~nv~ju~  ~rubabj~jt~~- These ~n~~ude  (1) tbat
the more shins that enter a nor& the mure  a~~uw~edged  and una~~uw~edged  ba~~ast water rna~
be carried in, (2) that the wrts with the Preater  ner&enta~~  of vessels in ballast rna~ carry in a
larger number and d~ve~~~  of nun~ndjgenu~  species, and (3) the ereater the number of suur~,
the larger the ~tent~a~  pool of urgan~ms  that may be trampled-  Note however that in these
data vessel size and type are nut under ~ns~derat~on~  such that the number of arrivals dues nut
ne~a~~~  reflect tbe amount of bandit  water entering  the port ~th~ ~~arn~  is ~rnp~ete~~
dominated in its vessel tract by cruise +%s along frnm tbe 3aham~ and Haiti (as disposed
~e~uw)).  In turn, avenger vessels are .,Td as “in ‘M by U. S. Clout  and Cens
because they do nut ~a~.~arg~, but th. .s3& ac: 7 du nut nu~a~~~  travel in ball& nd
rarely carry or release large  arn~~~~n~  of r* Thus tiigb ran~g of ~jarnj is due to ‘5
~~s~nger  vessel traffic- A s~rnj~~r phec 3un is see;. .r! San Diegu,  where several cruise  &ips
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Table 4-6

NABISS PORTS:
Number of Ship Arrivals, k-rivals  from Foreign Ports in Ballast,

Percent in Ballast, and Number of Different LPOCs for Ships in Ballast

Port
Boston

6PC ARR Bal % Bal LPOC
0401 666 36 c

New York 1001 4058 205
Baltimore 1303 2043 204
Norfolk 1401 2347 425
Charleston 1601 1433 50
Savannah 1703 1757 97
Miami 5201 5984 2662
Tampa 1801 1476 394
New Orleans 2002 3899 1260
Houston 5301 4226 696
Galveston “%” 5310 734 293
San Diego 2501 1038 650
Long Beach 2709 2408 220
Los Angeles 2704 2571 533
Oakland 2811 1283 14
San Francisco 2809 734 44
Portland 2904 985 255
Tacoma 3002 1610 316
Seattle 3001 2672 214
Anchorage 3126 1123 303
Honolulu 3201  1227 347
Total 44274 9218

J
5

10
18
3
6

44
27
32
16
40
63
9

21
1
6

26
.20
8

27
28

14
41
44
48
27
35
39
74
92
84
40
10
18 -
27
6
7
18
9
17
14
20

*

DPC: District Port Code
AFM: Number of Ship Arrivals
Bal: Number of Ships In Ballast
% Bal: % of Ships Arriving That are In Ballast
LPOC : Last Port Of Call



A
Ports Ranked
I g ;val

-Fort -. - No. ARR&F- -4
Miami 5984
Houston 4226
New York 4058
New Orleans 3899
Seattle 2672
L o s  +tgeles  2 5 7 1
Long Beach 2408
Norfolk 2347
Bahimlrlre  2043
Szrvcrnnah 1757
Tacoma 1610
Tampa 1476
Charleston 1433
0a&lwwl  1283
llUI;*.JI; ; 1227
Anchor 1123age
San Diega 1038
Portland 985
Galveston 734
San Francisco 734
Boston 666
Total 44274

B
‘arts  Ranked
IV No.

C

I
Ports Ranked by No.
of Different LPOc’s

kw Orleans
3ouston
San Diego
Los Angelt;,
?Jorfolk
rampa
Honolulu
racoma
Anchorage
Galveston
Portland
Long Beach
Seattle
New York
Baltimore’
Savannah
Charleston
San Francisco
Boston
Oakland
Total

1260 Houston
696 Tampa
650 Norfolk
533 Baltimore

425 New York
394 Galveston
347 Miami
3l$,&vannah
303 Los Angeles
293 Charleston
255 Honolulu
220 Long Beach
214 Portland
205 Seattle
204 Boston

97 Anchorage
50 San Die&o
44 Tacoma
36 San Francisco

84
74
48

j 44
41
40
39

Miami
Galveston
New Orleans
Honolulu
Anchorage
Tampa
Portland

J&s

D
Ports Ranked by
% In Ballast
Port % In Bal

%r rdc;orna
27 Norfolk
20 Houston
18 Baltimore
18 Long Beach
17 c
14 . i rrtncisco
14 Savannah
10 Boston

9 New York
7 1 Char&ton

44
40
32
28
27
27
26
21
20
18
16
10
9
‘8
6
6
5
5
3

14 Oakland
9218

6 loakland 1



(Passenger/RoRo) make continuous runs back-and-forth between that port and the west coast of
Mexico (see below) and in Galveston where a passenger vessel makes voyages to the “open
Ocean” and back. Fishing vessels contribute to the high ranking of Honolulu.

Relationship among Tonnage, Ballast Capacity, Ballast on Arrival and Normal Ballast Load
When Travelling  in Ballast

As discussed in Chapter 2, we estimated ballast water capacities (BWCAP), average ballast
arrival volumes for all vessels (BWARR, both in and with ballast), and normal ballast water loads
while a vessel is in ballast (BWBT)  from calculations based upon NABISS/NV  data. Table 4-8
shows the relationship between these variables and summer deadweight tonnage (SDWI’)  and
compares NABISS/NV  results with NABISS/APHIS  results. Container ships are virtually never
“in ballast,” and thus there are no BWBT data for NABISS/NV  (the APHIS survey did not collect
BWBT data). BWARR and BWBT are naturally sensitive to weather conditions, cargo loads, and
specific cargo routes for specific vessel types (note for example that for tankers an average
BWARR is 24 percent of BWCAP, but an average BWBT is 89 percent of BWCAP).

.I_.,
Based upon APHIS data (Table 4-8), these basic relationships are as follows:

The ratio of BWCXP fo SDWT  for all vessels combined is 0.38, for container ships,
0.32, for tankers, 0.38, and for bulkers, 0.43.
The ratio of BWARR to SDWT for all vessels is 0.16, for containers, 0.15, for
tankers, 0.05, and for bulkers, 0.23. .

For BWARR us a percenfage  ofBWC4P  for all vessels the ratio is 0.43, for
containers, 0.47, for tankers, 0.13 and for bulkers, 0.54. Our estimates of ballast
volumes (below) are based on these vessel-sensitive ratios for BWBT.

Based upon NV data, the relationship is:

The ruti0  of BWBT to SDWT for all vessels is 0.33, for tankers 0.32, and for
bulkers, 0.36.

Schormann et al. (1991) reported that a typical ratio of ballast water capacity compared :o
DWT was 25 to 30 percent. Pollutech (1992) noted that the actual amount of ballast water
aboard a vessel varies according to weather, length of voyage, and other considerations: “Ballast
tonnage at 25 percent is considered the norm, 20 percent for short trips and good weather, and
30 percent for heavy weather. In severe conditions, a Master may decide to use 40 percent
ballast.” Pollutech (1992) used 25 percent to calculate typical ballast volumes. Jones (1991)
calculated ballast water as 60 percent of DWT, referring to this as both the “capacity” of the
vessels and as the amount “discharged” (these are two distinct ballast states, which are further
differentiated from ballast “on arrival” and “average ballast carried when in ballast”). Based on the
abdve  ratios, a lower percentage of BWCAP and BWBT to DWT  may be applicable to Australian
data sets.
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TABLE 4-8

~e~at~u~sh~~  between sagger deadweight tu~~a~e ~~~~~~ ballast
water capacity ~~~C~~~ the ~a~t~ty of ballast water carried on
arrival ~~~~~ and the usual ~~a~t~ty uf ballast water carried
when trave~~~~~ in ballast ~~~T~ based on ~~fur~at~u~ collected by
buard~~~ vessels ~~~ and from the ~~~~ ballast water survey
~~R~g~ l AIZ vessel parameters are recorded in me+:ic tons.
~N~bers ANY and standard dev~at~u~s ~~~~ are also rocurrred fur the
various values.)

31018 3i=i*63
94 1002
21894 296U2

12096 12555
95 1012
10036 14165
l 39 l 38

5958 5340
95 1cza
7527 9217
-19 lti
-49 :43
-58 NA

10352 NA
57 0
9269 NA
-33 NA
-86 NA
1,74 NA

Cu~t~~~ers
NV APHIS

33341 29647
30 223
13669 16636

10613 9452
31 236
5487 6016
.32 .32

f"?8 4414
231

4 296U
c J l 15
I e', j ‘47
NA NA

NA NA
0 0
NA NA
NA NA
NA NA
NA NA

Tankers
NV APHIS

Bulksrs
NV AFifE

3742U 43071 40681 4~2~
12 190 29 322
2a37U 37842 24695 32304

13532 16370
12 178
9715 17187
.36 l 38

3239 2130
12 190
4719 7275
‘09 -05
-24 l 13
-27 NA

19157 19374
29 322.
12241 17284
l 47 l 43

11215 lU423
29 324
11295 I3571
.28 l 23
,559 l 54
.78 NA

12088 NA
11 0
7877 NA
-32 NA
.89 NA
3.73 NA

14445 NA
28 0
9726 NA
-36 NA
.75 NA
1.29 NA
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NABISS Ports: Vessel and Ballast Water Tonnage Information

Based upon NV data sets, Tables 4-9 (all vessels), 4-10 (bulk carriers), 4-11 (tankers), and
4-12 (container ships) present the summarized tonnage information collected from 95 of the
boarded 97 vessels (acronyms are explained at the bottom of each table).

For all vessels, ballast water capacity averaged about 12,000 MT (3,200,000  gallons),
ranging from 211 MT (56,000 gallons) to 47,000 MT (12400,000 gallons) capacity. Ballast water
arriving (ballast on board) averaged 6,000 MT (1,580,OOO gallons) with ranges from 2 MT (528
gallons j to 45,000 MT (11,890,000  gallons) -- an impressive range, underscoring the size of the
confidence intervals shown in the tables. Normal loads while travelling in ballast are 10,300 MT
(2,720,OOO gallons), these ranging from 51 MT (13,500 gallons) to 35,000 MT (9,250,ooO  gallons).

Bulk carriers (Table 4-10) have average capacities of 19,100 MT (5,060,OOO gallons) with
ranges from 211 MT (56,000 gallons) to 47,000 MT (12,400,OOO gallons). Average arrivals carry
11,200 MT (2,960,OOO gallons), with normal loads in ballast being 14,400 MT (3800,000 gallons).

Tankers (Table 4-11) have average capacities of 13,500 MT (3,575,OOO gallons) with
ranges from 1,500 MT (396JKQgallons)  to 28,000 MT (7,450,OOO gallons. Average arrivals carry
3,200 MT (850,000 gallons), with average normal loads in ballast being 12,000 MT (3,170,OOO
gallons).

Container ships (Table 4-12) have average capacities of 10,600 MT (2,800,000  gallons),
ranging from 3,900 MT (1,020,OOO gallons) to 22,200 MT (5865,000 gallons). Average arrivals
carry 5,200 MT (1,370,000  gallons). Container ships do not normally sail “in ballast” (that is, they-
are almost never without cargo), and thus there is no “normal load when in ballast.“’

A relatively large volume of ballast water remains unuumnable aboard bulk carries,
tankers, and container ships. Average amounts are 68 MT (18,000 gallons) for bulkers, 86 MT
(22,700 gallons) for tankers, and 145 MT (38,000 gallons) for container ships. Overall, for all
vessels, the average amount is 92 MT (or 24,500 gallons), ranging from 0.1 MT (26 gallons) to
528 MT (140,000 gallons). The importance of this “unpumpable” amount is discussed elsewhere,
relative to residual biota being resuspended and mixed in with “new” ballast water pumped into
these tanks -- later to be pumped out as well, but with the residual biota mixed in.

It is of interest to compare these data to the much larger APHIS data set available for
bulkers, container ships, and tankers relative to the amounts of BW actually discharged at a port
and the amount of BW actually taken on at that port (Table 4-13). The APHIS data set is
derived from 1034 vessels; the NV data set, upon 95 vessels. A comparison of Tables 4-10, 4-11,
and 4-12 with 4-13 reveals the following patterns:

For container ships, APHIS discharge data are 303 MT (80,000 gallons), comparing to the
y arrival data of 5,228 MT (1,380,OOO gallons). Bulker discharge data are 8,843 MT (2,300,000
galfons) compared to arrival data of 11,215 MT (3,000,000 gallons). In contrast, APHIS discharge
data for tankers are 1503 MT (400,000 gallons), while NV average tanker arrival show 3239 MT
(900,000 gallons).

We have assumed that for many, if not most vessels, water not discharged at one site in
the country of arrival may well be discharged at another site -- in effect, much of the water may
be discharged in the target country eventually, especially in large countries with many ports.
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PlRT

18410
1~~~~
10210
42210
13558
9222
5894

13730
9410

25487
11847
18545
16135
9829
3335

2~19~
4664

10303
12752
27814
3651
1691

16243
28860

247
40325
22214
2697

12455
25546
4082
2604

21078
5755

13324
18407
11480
8714
4425
6283

31178
11932
13871
1532

15434
8390

19809
15889
23885
3588

20042
6235
10329

GRT SDWT BW C a p  BW ARR  Hth Has Hth Hin BW BT

46411 53240
15324 25939
20345 28422
54954 ~144~~
18625 34288
15486 30187
8929 15763

I1776 15395
31367 9726
52191 6~64~
17157 2~6~~
277.3:
32EZ

:S978

147":  . 317
555:‘ 51

4214: t7
2.0282 46
17590 ~36
20613 ,910
35409 7~2~~
9628 .---em- 9464
3773‘ 6105

9200
28~79 5976
46536 3~~U

540 1165
53321 lltlO6
30675 64896
3891 6478

22359 36639
41220 73493
6167 16026
4051 5924

28580 ‘5891
1~~38 902
18732 393
262S! 379
31926 580
1538C 300
6891: 870

10335 .a130
39869 82325
22204 36537
24639 42512
2939 4526

23377 38212
16608 2370
40132 3160
37071 47127
40980 44477
6419 6808

29160 46745
XI804 17722
16584 3993

19721
11911
8697

47~~~
10855
15796
3102
3069
~6~~

222~~
6444
18422
14350
8210
2157

12993
4~68
9234

14558
30885
1552
2434
2763
1177
1856
211

26701
28183
1500

2~47~
28745

911
1247

21629
2382
8523

268~6
10676
8500
4468
4597

43746
2~~~~
25023

357
27537
1264
1689

19~7~
10453
1431

28343
4296
10727

3034
5300
5432

4~~~~
9~~~

12~~~
1196
2770
3973
9055

2
7417
3262

IQ
1072
5480
1862
7876
8200

3088s
1122
1300
2763
852

1474
85
30

895
50

9202
28745

106

51::
884

3~~~
1986~
8535
6~~~
1276
1507

27~~~
~~~~

51593
357

1626
688
51

13542
3234
561

4756
22~~

4

2770
4~~~
9055
6444

18422
8~~~
3550
1300
8104
2470
9234

13144
30885
1250
1400
2763
902

1474

240::
24~~~

7QQ
18747
28745

300
1200
5141
1244
8523
19860
8535
6~~~
4468
3690

35000
~~~~
22~~~
357

14~~0
688
395

14~~~
6500
1030
4756
2200
9145

38



7783 1aaea 12373 9082 2300
13871 24625 42647 25002 13245
6290 11658 12714 2395 450
6614 10075 18955 6382 1200

18602 46552 53274 19240 6000
12121 22087 35212 8450 2680
13449 44830 14155 6845 5280
9125 14578 16239 9221 1603
4757 7150 11973 3865 2832

22698 28492 48557 5348 3261
17599 24559 26772 7031 3700
7833 14161 15790 4080 2009

15276 21351 40639 16948 16134
9134 19353 30036 17910 70

11618 32629 32839 8506 5718
11259 27823 29288 6267 4463
31126 40628 35383 10288 1830

8395 13094 19863 6116 5181
15456 37023 43401 12190 5989
23309 52181 60350 22126 6803

6955 9260 10601 5067 4157
9842 13371 23987 6431 2830

22627 35944 65084 29803 16000
12311 19340 %024 19130 40

7619 9941 18433 4741 4323
16710 39219 47002 24622 23545
22638 34359 60478 32076 18288
10520 17676 18835 4245 4245
19014 34654 61143 30296 16170
7848 14173 23720 3922 2090

10855 18855 29331 8204 5000
9748 17414 25412 8230 4600
7854 20965 21217 11257 6546

13140 34487 34775 10006 4400
10935 24802 28916 7584 2000
22698 28492 28661 7650 2964

5336 17789 16511 6041 2239
22238 35963 45987 16416 10000
11399 17527 18202 6164 3668
7854 20965 21247 11560 6406

13932 19388 27a61 17000 7500

Table 4-9 (continued)
NABISS Vessels: Vessel Tonnage and In- and
With-Ballast Vessels: AII Vessek

1264184 2205184 2915723 1149096- - 209820 590040566044 698051 7938
94 94 94 95 95 86 86 57 a6

13448.8  23459.4  31018.3  12095.7  5958.36 8116.87 2439.77 10351.6  92.3
8157.56 13185 21893.7  10035.6  7527.43 7839.62 3374.37 9269.11 110.3

2800 2300
13245 50

1300 25
1200 5

11970 5350
2900 2400
6020 3713
9221 1603
2832 0
3297 2330
4000 3000
2255 1640

16134 S
15000 70

5718 5293
4491 4224

5739 4791
6400 3400

10000 4000
4157 3027
3656 1439

l6000 16000
8960 40
4323 - 17

23f45 2 4 . 4
18288 20

4439 ‘4016,
26000 13000

2090 1388
5500 4500
5600 2800

7000 2000
2650 1100

3623 2239

3860 3450
6406 3901

17000 6000

2000
13245

1300
2100

6020
9221

16134
15000

4157

16000
9184
4323

23545
18288

26000

17000

35

E

20:
100

25
50
10
50

100
55

5
70

150
80

500
200
100

60
200
100

30
40
17

24.4
20

100
70

110
100 -
100

80
300
100
250
500
100
150

15

NRT
GRT
SD\JT
BW Cap
BW ARR

Uth Flax

t Uth Hin

EW BT

BW UP

N e t  R e g i s t e r  T o n n a g e  ( i n  n e t  t o n s )
Gross Register Tonnage (in gross tons)
Summer Deadweight Tonnage (in metric tons)
Ba l las t  Water  Capacity  ( in  metr i c  t on8  o f  s eawater )
Ballast Water Carried On Arrival At Port Of Boarding
(in metric tons) I

Uaxlmum  Quantity Of Ballast Water Carried In The Past Month
( i n  m e t r i c  t o n e )

Minimum Quantity Of Ballast Water Carried In The Past Month
(in metric tons)

Quantity 02 Ballast Water Normally Carried When  Travtlling
In Ballast  ( in metric  tons)

Ouantity  Of  Ballast  Water Rtmalning In The Bal last  Tanks
After Complete  Dlschargt  (in metric tons)

;
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N~ISS Vessets: Vessel ~~~~a~e  and In- and
Wj~~-Ba~~as~  Vessels: Bulk Carriers

lmnage  ~nformatfon  collected by hoarding  bulk carriers. The bottom
four lines represent column totals, n~tr of obst~~.~tions~  column
means and standard dev~at~o~~  of the sample.

NRT GRT SDWT BW Cap BW ARR Flth  Max Mth M&n BW BT BW UP

42210 54954 1~44~0 47DOO
13558 18625 34288 10855
9222 15486 30187 15796
9829 14757 29017 8210
3335 5532 7951 2157

10303 17590 28836 9234
12752 20613 31910 14558
27814 35409 7~2~0 30885

247 540 1165 211
12455 22359 36639 2D47D
25546 41220 73493 28745
4082 6167 10026 915

18407 26251 43579 268i36
31178 39869 82325 43746
11932 22204 36537 2~~D~
13871 .24639 42312 25023
20~42 29160 46745 28343
13871 24625 42647 2~002
6614 1007~ 18955* 6382
9125 14578 16239 ' 9221
9134 19353 .3iTa36 17910
9842 13371 23987 6431

22627 35944 6~084 29803
12311 19340 33024 19130
7619 9941 18433 4741
16710 39219 47002 24622
22638 34359 6D478 32076
19014 34654 61143 30296
13932 19388 37861 17000

4~000
9000

12000

10~~
7876
8200

30883

92::
28745

: -.
:".. -5

‘5
11
4: _'
13245
1200
1603

28::
16000

40
4323

23545
18288
16170
7500

3~000
10200
12000

40 3550
140 1300
760 9234
200 13140
200 30885

i: 32%
60 28745
6 y -' 3

150 15 1
20000 3C‘ 3
5000 1~~~~
1~~~~ 2DOOO
4756 ~7DOD

50 13245
5 2100

1603 - 9221
70 1~000

1439
16000 16000

40 9184
ii 23545 4323

20 18288
13000 26000
60~~ 17000

300
50 ;

3550
1300
9234

13140
30885

187~~
28745

300
19860
3~000

. ~000
22~0~
4756
13245
1200
9221

1~000
3656

16DO#
8960
4323

23545
18288
26DOO
17~OD

3d
60

15 l

430220 670222 1179749 555564 325234
29 29 29 --29

79695 4044~7 1841
26 28 2729

11215 13423:: 3065.19 14444.9 68.1914835.2 23111.1 40681 19157.4
8981.54 ~2469.9 24695.3 12241-4 11294.6 101~4.~ 5548.7 9725.92 73-89

349000-_

HRT Net Register Tonnage  (in aat tonal!
GRT Groarr iTirgfst~+  Tobago (in grosir + * I
SDWT Eammtr Deadweight Tobago [in metr cons )
BW Cap Ballast W&tar Capacity fin metric -.- s of saawatar)
BY MEi Ballast Water Carrfad On Arrival At Port Of hoarding

gin metrfc tons)

(in metric tons)
tfth Hin ~i~i~~ ~antity Of Ballast Watsr Carried In The Past Month

(in metric tons)
EW BT entity  Of Ballast Water  ~~~~1~  Carrfad W&m T~avtlli~g

In Ballast (in metric tonsl
Bwrm entity Of Ballast Water R~ain~ng In Ths Ballast Tanks

After Complete Discharge fin metric tons)



Table 4-11
NABISS Vessels: Vessel Tonnage and In- and
With-Ballast Vessels: Tankers

Tonnage tnformaton collected by boarding tankats. The bottom four
l ines  r epresent  c o lumn to ta l s ,  number  o f  observatfons.  c o l u m n  meanr
and  s tandard  dev ia t i ons  o f  the  samplea.

NRT CRT SDWT BW Cap BW ARR Hth Haa Mth Hin BW 8T BW UP

11847
18545
40325
22214

2697
15434
10329
15276
13324
8710
6285
6235

17157 25600
27790 48978
53321  112106
30675 64896

3891 6478
23377 38212
16584 18883
2135X 40639
18732 32093
15380 25300
10735 18130
10804 17722

249797  449037

6444 2
18422 7417
26701
28183 893:

1500 50
27537 1626
10727 4
16948 16134
8523 3000
8500 6000
4597 1507
4296 2200

162378 38865

6444
18422
24000
24000

700
14000
9145
16134

8523
6000
3690
2200

171221 133258

2 6444
528 18422

30 24000
250 24000

50 700
1626 14000

4 9145
s 16134

3000 8523
500 8500

1507
so 3100

7552 132968- _ 1034

9899.86 1426&i 20816': 12659:l 374a9.l;  2&370:3

12 12 12 12 11 12

9715.;3  13531 5
75

3238  4719:43
11104.8 629.333 12088 86.17
0093.84 941.924 7-877.22 155.8

NRT
GRT
SDWT
BW Cap
BW ARR

Hth Max

?!th Mfn

BW ET

BW UP

N e t  R e g i s t e r  T o n n a g e  ( i n  n e t  tonm)
Grora R e g i s t e r  T o n n a g e  ( in  groan  tong)
Summer Deadweight Tonnage (in metric tons)
Ballast Water Capacity (in metric tonm of seawater)
Ballast Water Carried On Arrival At Port Of Boarding
(in matric  tons)

Maximum Ouantity Of Ballast Water Carried In The Past Month
(in metric tom)

Minimum  Ouantity Of Ballast Water  Carried  In The Past Month
( i n  m e t r i c  tone)

Quantity Of Ballaat  Water Normally Carried When Travelling
In Ballsat (in metric tons)

Quantity Of Ballast Water Remaining In The Ballast Tanks
After Complete Discharge (in metric ton81

.
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Table 4-12
N~ISS Vessels: Vessel Tongue and Ln- and
With-Ballast  Vessels: ~on~i~e~

fonrrage ~~~or~~~i~~  collected by boarding container carriers. The
bottom four lines reprasant column totals, number of obs%rvat~ons~
column means and standard d~~~~t~on~  of the samples.

NRT GRT SDbfT BW Cap BW ARR Mth Max Mth Min BY BT BW UP

18410 46411
1005~ 15324
10210 20345
25487 52191
16135 32630
20190 42145

4664 10282
11480 31920
15889 37071
23885 409~0
18602 46552
475t 7150

22698 28492
17599 24559
7833 14161.

11618 32629
11259 ‘27323
31126 40628
15456 37023
23309 52181
10520 17676
7848 14173

10855 18855
9748 17414
7854 20963

13140 34487
10935 24802
22698 28492

5336 17789
22238 35963

7854 20965

53240 19721
25939 11911
28422 869t
60640 22200

14350
38217 12993
13346 4088
36580 ~0676
47327 19370
44477 10453
57’74 1924Q
1: .3 3865
f. 7 5348

:;A9 : . . .~~~~
MO6

292sa 626f
35333 IOZBB
~~~~~ 22126  12190

18835 4245
23720 3922
29331 8204
25412 8238
21217 11257
34775 1~006
28916 7584
28661 7630
15511 6041
45987 16416
21247 11560

5014
5300
5432
9055
3262
5480
1862
8535

11542
5234
600~
2832
3263
3700
2009
5718
4463
1830
3939
6803
4245
2090
~000
4600

4400
2~0~
7524
2239

10000
11420

256839--

?OOO
2650

3623

11420

164949449691 -7227  329015
31 31 30 26 26

14506.2 28776-7 709 ~~6~33~
54SS.b

5221 9’;
2734:32

6344  15
3235:54

3456.92
6884-13 12340-4 -69 19b73.55

9000 200~

6000
9055
~000
8104
2470
8535

1400~
650~

11-3
2: 1
3; ?
4c :

i5:::
4491

4000
7500
3000
4830
1300
2235
4000
4610
5353

23::
30~~~
1640
5293
4224

6400 3400
1000~ 400~
4439 4016
209~ 1388
5300 4500
5600 2800

200
10

200
100
300

30

560
100

60
3

1::
100
100

3:: l

1 0 0

250
500
150

3908
27

144-7
130.4

NRT Nat Register Tonnaga (in net tona)

~
Grams  Register To~ag3 [in gross tons)
Summer  Deadweight  Tobago (in matrfc  tons)

BY Cap Ballaat Water rapacity (in metric  tons of raawatar)
By ARR Ballast Water  Carrfed On Arrfval At Port Of Boardfng

(in metric tom)
Hth Haa Mxfmum entity Of Ballast Water Carriad In Thp Paat Montk

IIn metric  tona)
Mth Min Mango  ~~tfty Of Ballast Water  Carried fn The Past Month

(in metric  tons)
BWBT entity Of Ballast Water R~.~lly  Carried When Tra~el~~ng

In Ballast (in metric toner)
BW UP entity  Of Ballast Water Relining  In The Ballast Tanks

After Comoleta  D~~~~&rg~  (in metric tons)
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Table 4-13
Mean volumes of BW (MT) taken on and
discharged in ports by various vessel types

Mean volumes of b a l l a s t  w a t e r  ( I n  m e t r i c  t o n s )  t a k e n  o n  a n d
discharged in U.S. ports by the various vessel types (Bulk:
bulkers; Cont: container carriers: Tank: tankers): numbers of
vessels (n), standard deviation of the samples (SD), and maximum
values (Max) are also recorded. (Derived from APHIS survey data)

Vessel Ballast Water Discharged Ballast Water Taken On-
Type n Mean SD Max n Mean SD Max

All 984 3303 8806 87376 976 2977 8221 56357

Bulk 320 8843 12692 76155 319 2160 6998 41000

Cont 218 303 777 5394 208 412 988 7500

Tank 186 1503 7204 87376 183 11197 14406 56375

.-._

.
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The joint  of ~~~ow~edged  Ballast Water bung in U.S. Water in Vessel?  from Foreign
forts: Estimates leaved  from U.S. menses  Baby Data

As d~ta~~~d  in ~ba~t~r 2, u . used subsarn~~jng stat~~~~~  to er te the amuun~
(volumes of ~~~ow~edged  bandit  : ster (that is, fur vessek  re~rte~- ~rave~~~ng  in ba~~~t~  at
selected ports in the united States r;;lr five ~~t~~n~ (East, Gdf, Wan, Alaska, and ~awa~~~.
Three vessel types were chusen -- bulk carriers ~~~ke~~,  tankers, and general ~argu carriers ?-
which ~rn~~se  a~~ru~rnate~~  50 percent of the vessel  tract by ship type. A total of 1,157
vessels  were s~bsam~~ed  ~~~~end~  D). ~nta~ner  ships have no a~~uw~edged  ballast, as they
are ~t~a~~~  never “in ballast* (as noted abuve~~  we examjne  the ~m~urtan~  of these vessels
beb?v.

Table  4-14 Druids  a s~rnma~ of the ac~uw~~g~  ballast data, Nathan  tanker traf~&~
a~~uw~edged  bandit is h~gh~t  at ~ng Beach, with a total of over 3,~,~ metros  tons.
~ema~n~ng  ~u~~~~  q&e:-- - amung the top Eve (New Ur~ea~~s~  I%: ,~n~~~~ -on, ~churage,
New Yurk~ alI recz : less 3 1,~~~ b Y af war.er. W~~~~n  br: trafl ~k~uw~edged
ballast is h~gh~t  aa .., zw 0. ns, ~4th a tot-. of over  ~2,~. ,iW M. wate, I&wed by
~urfu~k with over 5 ~~~,~ .I’ of water. A! other putts receive  f:. ,naIIer a~u~n~~  with the
next four h~gh~t  ~ur~~~urt  system being  3a~~~mure~  Los ~ge~~~~~g  Beach, ~eatt~e~a~uma,
and ~u~tun~~a~v~tun.  Within  general cargu vessel traf~~, the top five sites are New Orleans,
~u~tu~~a~v~tun~  yearns, Taqa, and Savannah.

Thus, ports along the ~t~ant~~,  Gulf, Pa&~~~,  and ~~kan coasts aU rank in the top six
~ur~~~u~ sited  fur the three types ~rnb~ned*  On the Pa~~~~ coast LOS ~ge~es~ng  Beach
and ~a&uma~eatt~e  are among the top tanker and bulker  ports, r~~e~tive~~~  reweaving  ballast
water (no Pacific purt is high among general cargu vessels, with Los  Angeles ran~ng seventh in l
this ~ategu~~-  On the Gulf coast both ~u~tun and New OrIeans  rank in the top five ~th~n all
three vessel  types, with Tampa also in the top five fur general ~argu carriers re~urted in ballast,
On the ~t~ant~~  cuast different ports rank high relative to vessel type: New York fur tanker,
~urfu~k  2-- _ ~a~t~rnure  fur balked.  and yearns and Savannah  fur ge -rag car ?n the ~askan
coast Ar ge ranks fu~rth  uv I fur tanker.

It is ~m~o~ant  tu note, and ~nd~~at~ve  of the nature of how  vessel traf~~ is uf~~~a~~~
re~urded~  that San Diego, whj~h  ranks as the largest port among the 21 Samoyed  in terms of the
percentage of ships in ballast ~~~~end~  D), fails to appear entirety  in Table 4-14. As disposed
above, San Diegu  merchant  tract in bandit  ~~~~ ~redum~nate~~  of ~~senger vessels ma~ng
frequent calls. These are recorded as “in ballasts  by fetus because they lack cargo. In San
Diegu Bay rn~~jta~  traf~~ map be the must ambulant  ~ntrib~tur  of bandit water.

Total a~~uw~edged  ballast ar- ; in US wa. i in 1991 in bulk carriers, tank.‘-%  and
general cargo frum fure~gn  ports is thi .,l~rnated  to b%. IS fu~~uws~
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Table 4 - 14

Acknowledged Ballast: Summary by Vessel Type
and Ports

PORT
NEW ORLEANS
NORFOLK
LONG BEACH/LA
HOUSIGAL
BALTIMORE
TACO/SEATTLE
TAMPA
P O R T L A N D
ANCHORAGE
NEW YORK
SAVANNAH
CHARLESTON
MIAMI
OAK/SAN FRAN
HONOLULU
BOSTON
SAN DIEGO
TOTAL

3ULKERS
12279891
9227554
2587217
20895 14
2822969
2573183
1454492
1427755

. 859373
437036
224246
205026

0
82367
6562

65014
0

36342197

A
-rc

t

75434 22157
3258723 31885

916438 232944
0 10760

104026 10808
106667 137301
203294 27553
305719 -0
291538 9018

32154 50254
0 8621
0 154168

35934 13226
67276 4993

8533 4351
0 0

6369206 958424

4CKNOWLEDGED  BALLA
TANKERS GEN CARGO

963472 240384

I

.

:OTAL,
13483747
9325145
5877824
3238896
2833729
2688018
1698460
1658602
1165091
737591
306654
213647
154168
131526

7883 1
77898

0
43669827

.

Ballast Water Amounts Shown in Metric Tons
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The ~~ant~t~~ of ballast water along  in the united States with  vessels  in careo are
~~~dera~~e~  an ~t~~ated  ~ru~~ded~  6~~~~ MT ~~,74~~~ ga~u~~~  of water enter by this
route alone, or a~~ru~~ate~~  13 percent uf the total vu~~~e  of a~~uw~edg~ and
~na~~uw~edged  water ~u~~~ned~  ~~u~t  1.75 ~~~~jun  ga~~un~  of water arrive yearly by this ruute
in the three vessel types in the five ports studied. *

New ordeal  again ranks as the largest a~u~g these five ports in receipt of
~~a~~uw~edged  ~a~~a~t  water. ~urfu~k~  ~a~t~~ure~  and Ua~a~d~ are close ~e~j~d,  with San
~~an~j~~  reneging a much ~~a~~er  fra~t~un*

Based spun the above  ~t~~at~  of both  a&~uw~edged  and ~na~~uw~edg~d  water, it is
~j~~e  to ~tj~ate the a~u~nt of ballast water along  in the united States in vessels from
furej~ p (based  qmn 1991 data: see Charter 2).

86



tankers, and general cargo vessels atriving  from foreign ports in cargo (unacknowledged ballast)
and without cargo (acknowledged ballast) at these ports by assuming that one-half (100) of the
ports receives at least 10 percent (that is, 239,400 MT) of the average volume of the &c&
acknowledged and unacknowledged ballast water at each of the 21 ports (that is, 2,394,OOO  MT).
We assume this is a conservative estimate. There are in addition mure  than 25 other types of
ocean-going vessels in the foreign traffic that visit U.S. waters. We assumed that all of these
remaining vessels release at least 10 percent of the total volume of acknowledged and
unacknowledged ballast as calculated for the 21 ports for bulkers,  tankers, general cargo, and
container ships; this too we assume to be an underestimate,

Table 4-15 summarizes these estimates: approximately 79,000,000 metric tons, or almost
21,000,000,000  gallons of ballast water, arrive every year in U.S. waters in vessels from foreign
ports. This is about 58,OOO,OOO gallons per day, or uver 2400,000 gallons an hour.

Not included in the estimates on Table 4-15 are domestic and foreign military vessels.
These vessel types may contribute, both in volume and in source regions, potentially important
amounts of ballast water.

J$&LAST  WATER: WHERE FROM?

Data Handling

Where does the ballast water cume  from? Last port of call (LPOC) data are available (by
world port codes) through U.S. Census Bureau “Vessel Arrival” data. As described in Chapter 2,
these data are for all in-ballast ships for the 21 NABISS ports. The effect of unacknowledged -
ballast on potential geographic diversity of water sources was tested fur the five ports of
Baltimore, Norfolk, New Orleans, San Francisco, and Oakland, representing the East, Gulf and
West coasts. As also described in Chapter 2, LPOCs were converted to FAO region. This
conversion was, in part, an attempt to circumvent the differences in refinement of
Customs/Census LPOC regions (where, fur example, port code  1223 is Montreal, but port code
1224 is the Canada Atlantic Region). Only foreign LPOCs are included in the analysis.

The accuracy of using LPOC as a direct indication of the source of ballast water was
tested by using APHIS data to compare the LPOC of a vessel with the actual known source or
suurces  of the ballast water on the same vessel. LPOCs were analyzed both as (1) the actual port
of call and (2) as the FAO region (see Figure 2-3) within which the LPOC occurs.

LPOC by FAO Region for Ships in Ballast from Foreign Ports

Appendix G presents the results of LPOC for the 21 NABISS ports. LPOC by FAO
regions are listed in order of decreasing frequency. Appendix H provides a port-by-port LPOC
breakdown from Census data for the NABISS ports prior to collapsing these into FAO regions.

i

Azhiii  G-m-t Pcits

LPOCs (Appendix G) for New York, Charleston, Savannah, and Miami are
predominately either the Northeast Atlantic (western Europe and adjacent regions) ur the ’
Western Central Atlantic (Bermuda, Bahamas, Caribbean, the Gulf of Mexico Atlantic Mexico



~n~~~ow~~d~~ B~~~~s~
Based upon:
* 1372 .fur~jgn-j~~rgu  arrivals
*

5po-* 3 ship types:
bucket, tankers, ~ntajner  ships

Alme  ~ ~~~~
* A~pru~mat~~y  200 different

USA ports  reaping fure~gn
vessek

* > 25 add~tjuna~  vessel types,
reorienting  +I- 40% of
number  of vessels ~nvu~ved in
fure~gn  traffic

Vu~ume  per munth:
Vu~~rne  per day:
Vu~ume  per hour:
Vu~ume  per minute:

~urnjng  that une-half of - q ports ~1~~ each : zive at Ieast
10% ~~9~4~ MT) of the :e vul?Ame ~2~39.. ‘AT) of the
total a~~uw~edged  and UI. w~~dged  bandit at each
of the 21 ports

(**) earning  all other vessel types release a total of at ieast 10%
of the tuta vu~ume  uf a~~uw~edg~  and una&~uw~edged  ballast
as ~a~&u~ated  abuve  fur 21 ports  and d~j~at~  vessel  types
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and Central America, and northeastern South America). For New York these numbers are
heavily influenced by passenger vessel traffic  from Bermuda. Vessel traffic for Miami is
completely dominated ( > 99 percent) by cruise ships coming from the Bahamas and Haiti.
LPOCs for Boston are the Nortbwest Atlantic (Canada) and the Nortbeast Atlantic, followed by
the Western Central Atlantic. LPOCs for Baltimore and Norfolk are the Northeast  Atlantic
and the Mediterranean/Black Sea region. A!! but Charleston SC receive regular vessel traffic
directly from the Pacific Ocean (Charleston receives some Pacific vessel traffic, but too rare to
appear in our subsample of 1991 data). New York, Norfo!!c,  and Charleston also receive some
Indian Ocean traffic. A!1 five East Coast ports receive vessels calling from the
Mediterranean/Black Sea regions.

Norfolk (with 48 different LPOCs), Baltimore (with 44),  and New York (41) rank highest
in terms of numbers of different LPOCs, followed by Miami (39), Savannah (35), and Boston
(14).

Gulf Coast Ports

A!1 four Gulf ports (Appendix G), Tampa, New Orleans, Houston, and Galveston, have
LPOCs from the Western Central Atlantic (described above under Atlantic Coast Ports). For
Galveston this number is heavilydominated  by vessels from the “High Seas” (56 percent, 164/293
[Appendix H]), reflecting in large part back-and-forth traffic of the passenger vessels. For New
Orleans the LPOCs include vessels from the Northeast Atlantic and from the
Mediterranean/Black Sea. Tampa LPOCs include traffic from the Northeast Atlantic as we!!.
A!1 four Gulf ports receive traffic from the Pacific and Indian Oceans, as well as from the
hfediterranean/Black  Sea. .

New Orleans, with 92 LPOCS, has almost twice the number of LPOCs as the highest
ranking East Coast port. Houston follows with 84 LPOCs, Tampa, 74, and Galveston with 40.

Pacific Gwsl Paris.  Southern Gdifti

San Diego, Long Beach, and Los Angeles with LPOCs of 10, 18, and 27 respectively
(Appendix G) are predictably dominated by Pacific Rim traffic. LPOCs for San Diego are almost
entirely (98 percent) from the Eastern Central Pacific (western Mexicico  and central America, and
northwestern South America); 95 percent of this traffic consists of passenger/RoRo  vessels
running on regular trips between the Mexican west coast and San Diego. LPOCs for Los Angeles
also show a strong western Mexico signature (70 percent), with some traffic (18 percent) from the
Northwest Pacific (primarily Japan, Korea, and China, and Hong Kong). Long Beach, adjacent
to Los Angeles, shows a distinct and reversed pattern, with the Northwest Pacific ranking we!! (68
percent) above the Eastern Central Pacific (28 percent) (this is a reflection of the passenger
traffic into Los Angeles). A!! three ports receive-some Atlantic traffic; of interest is some direct
traffic from the Great Lakes arriving in the Port of Los Angeles.

Pa&& Coast Ports: Northern Calif& and the Pacify  Northwest

Oakland and San Francisco (Appendix G), Portland (Appendix G), and Tacoma-Seattle
(Appendix G) are similarly dominated by Pacific Rim traffic. Traffic from either the Nortbwest
Pacific or the Northeast Pacific dominate at a!! ports except for Oakland, which shows a small
amount of Western Central Pacific activity (note the total number of vessels is small, however,
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and thus this number is based upon only two- vessels). No~bwes~ Paci~c  traffic ~pr~rnar~ly Japan
and Korea) dum~nates  at Purt!and.  Canadian traffic adds tu this pattern strungly  in Tacoma and
Seattle. A!! but Ua~and record At!ant~c tra~c. Ua~and may of cuurse  still ~~c~~~e  Atlantic
ballast water -- ~ntainer  ships along  in Ua~and from the Atlantic coast (and with Atlantic
Waters  wi!! often have an LPUC of San Diego or ~ng Beach, ub~dingff  their precut Atlantic
h~to~.

i
Pu~!and and SeattIe  rank bigh~t in LPUC dive~i~  with 18 and 17 ports, followed  by

Tacoma  (9), San prances  (71, and Oa~and (6).

AW

~churage  ~Append~  G) vessel traffic is ~mp!ete!y duminated  by traf~c from Japan and
Kurea;  along with  other ~o~bwes~ Paci~c  ports, these LPOCs  a~unt  fur 94 per~nt  of this
port’s traf~c. These are in large part ~sbing  e e!s, A ~%a! of 14 LPUCs ar urded fur
~churage  in the subsamp!e~  inc!uding  rare &, *ic traEc.

Hawaii ~~~~

Hon~~~~u  ~Append~  G) is similarly dum~nated  by Japan~e traffic (64 percents,  with total
No~bwes~ Pacific ac~unting,  fur- 69 percent of a!1 LPUCs. These are p~mari!y  aching  vessels,
Remaining traffic of appreciable volume cum~ from the Eastern Central Pacifk and from the
~ou~bwes~  Paci~c.  Small  amuun~ of tra~c come from the A~lau~jc  Oc~n.

LPOC by FAU ~~~0~ for Fo~i~n and Domestic  TrafGc  In and W&b Ballast  and Effects on
LPOC Dive~i~

I a

Subsamp!~  of 288 vessels each were taken from Ba!t~more~  Norfolk, New U~!ea~~  San
Franc~s~~ and Ua~and~  to derive a picture  of the impact of irt taco vessels frum fure~gn  ports on
LWC d~versj~  (on the ~sumptiun that must or a!! of t!:-se vessels arrive ~~~~  ballast, or at least
t I “unpus +!en  ballast on bo ’ whjch~  by m~ure n newly pumped water and subsequent

‘arge r .il! Iead to the I e of fure~gn  specie: In additiun,  we subsampled these ports
iamine  _ .e domestic vess. .Gc, both in and wii., ijaliast,

Appends  G pr~ents  buth fureign  and dum~tic  traf~c data, Certain of tbe ~gur~  in
Appends G present per~ntage  data fur fure~gn  traf~c only ~tb~ the percentage  are different
than those in the tab!~~,  arr~~ng  both  in and with ballast traf~c. The number of LPUCs fur
fure~gn-an-ba!!~t  ships fur these ports  may differ from the LPUCs of the same ports as discussed
above because furei~-in-ba!!~t  here is a subset of the pre~d~ng  sectiun~  but relative LPUC
ran~ngs fur the two  Iargest  ports  of calls fur each port reman tbe same fur all but Ua~and
~where~  huwever~  the first ranked LPUC remain  the same.

Table 4-16  examines the effect of port s~te~ and in cargo vessels from foreign ports on
LPUC ana!~~s. ~~!e Ba!t~more  and ~orfu!k share 18 LPUCs, each one a puss~b!e  sours  of
ballast water, Nurfu!k  receives sh~ppjng  frum I!! LPUCs that Ba!t~more  dues not, while Ba!t~mure
receives shippjng  from 17 LPW *hat ~u~u!k does nut. The ~mbined arrivals of ~a!timure and
No~u!k results in tbe Chesape. .3ay receding shjpping  from 50 deferent  LPUG. The number
of LFUCs fur each port ~nsid~ separately  wuu!d  be 35 LPUC (18 ~mmon  + 17 d~tinct~  fur
Baltimore and 33 LPUC (18 CC an + 15 d~tjnct~  fur ~0~~~. ~i!e Baltimure  and ~urfu!k



Table 4 - 16

Last Ports of Call (LPOC) by P& Systems:
Foreign in Ballast and in Cargo:

Effect of “In Cargo” LPOC Diversity on Overall LPOC Diversity
(Baltimore/Norfolk and San Francisco/Oakland)

Chesapeake Bay: Baltimore - Norfolk

COMMON

Grand
Total

San Francisco Bay: San Francisco - Oakland .

COMMON
OAKLAND OAIUSANFRAN  SANFRAN Total

FOR. IN BAL. 1 0 0 1
COMMON
FOR. IN BAL. & 0 3 0 3
FOR. IN CARGO
FOR. IN CARGO 13 1 4 18
Total 14 4 4 22 Grand

Total



are twu of the major ports in Ch~~~~eake  Bay, there are at Ieast ten other D~strjct  burl cuvered
by Customs in the Bay area; thu: : actua! number of pussib!e  LPOCs  is !jke!y to be
~~~derab!y farger  than 50.

The number of suur~ ui -..~~w~~g~  ba!!~t ~tbat is, vesseh frum fure~gn  ports in
ba!!~t~ ente~ng Ch~apeake Bay is 26 (9 in ~mmun + 17 d~tjnct~  ~Tab!e 4-16).  The number of
d~tinct  ~nac~owl~~~  LXX’s  ~tha~ is, vesseb  from furej~  ports  in ~rgu~ fur the two  ports
~~idered  is 24, 15 of whjch  are unique  LPUCs.  This jncre~e in LfUCs by addjng  fure~gn  in
cargo traff!c Evans the putentjal  suur~ regju~ of nunjndjgenu~ species, since many in cargu
vessels are also  ~th ballast (see Appends E fur ~tjrnat~ ~uantitj~~.

Fur San Francis  - Ua~and,  the foreign in Argo LPUCs  a~unt  fur 18 of 22 different
LPUCs  fur that port stem, as e~!ain~  above. ~nac~uw!edg~  ba!!~t bere may thus play a
partjcu!ar!y s~~i~cant rote. As with Chesapeake Bay, the San Francis  Bay system inc!ud~
uther si~i~cant  large purts, s;xh use at ‘52 --ento (a large wuu~cbip  expur : nd
Stoc~un~  and thus the actual nun. -If LPC‘  .- *de San Francisc~  Bay s~tem &less
much greater.

Dum~tjc traf~c for the At!a~~~~c  ports ~mure  and ~urfo!k  ~rn~ from ;he At!antic
regiun~  while New Orleans picks up a small amQxi: of tactic traf~c as well. The amuunt of
AtIantic  vessel  traf~c arri~ng itian Francisco Bay is d~f~c~~t to determine,  as LPUC data are
biased by Atlantic ports #djsa~pearjng~  from the record when an Atlantic vessel passes through a
southe~  Ca!ifu~ja  port, as noted above for Oa~and.  The ~mpurtance  of the coerce  0~~~~~~~~
~~~e~  on ~0~~~~  as ~mpared  tu LPUC,  is thus partjcu!ar!y undesired  by this phenumenun.

How Good an ~~d~ca~or  is LPOC oi Actual Source of Ballard Wager on Board?

Tabies  4-17 and 4-18 present APHIS data fur the re!atiunsbjp  be~een  LPUC and suurce
of ballast on board ~BOB~~  and fur the re!atjunship  be~een  the FAU region and BOB. Data are
presented as no ~a~~a~~ on board ~~UBUB~, some Ballard  on board ~SUBUB~,  and all balsams  on
board ~~LBUB~  frur *e LPOC ~d~rect!y  or ‘s FAU regjun~.  Table 4.19 ~rnb~n~ these
data.

Fur Table 4-l”: .: total ~~rnber  of ves ~96~~  dues nut equa!  the four s~b~~ategurj~~~
many other vessel types are included in the 96: or Table 4-18, the total (713) is different from
965 because removed in Table 4-18 are many vesse!s  fur wb~ch  the FAO reg~un  could nut be
re!jab!y jdent~~ed  (that is, vessels that ballasted “at sea”).

In the r~t~cted  terms of tbe LPUC itseff, tbe LFUC is a pour predictor of ba!!~t water
suurce (Table 4.19). Fur 53 percent of a!! vesse!s, there is no balfast water on buard from the
LFUC;  this n~rn~~ reaches 66 ~rcent fur ~ntajner sbj~! ~ceptju~  would  occur on sume
dedicated traffic lines, such as the w~dchjp  bulked leaving ~apan~e  ports in ba!!~t fur Canada,
the ~n~ted  States, Tahiti, A~tralia~  and uther ~u~t~~  ~a!thuugb  witb these vessels as we!! a
certain amu~nt  of ba!!ast water may come from u~bore  Japan and from the mid u~an~.

When LPUCs are e~anded into FP I-- -egiu~, tb* .~junshjp  is consider:‘
pa~jcu!ar!y  for cunta~ner  ships ~~UBUB~  ar - all ship? ~LBUB.  e s t r t
re!atjunshjp  between LPUC cu~~~ert~  to F .:giun  co ‘ken  SUBr ;nd A
cumbined~  66 percent uf all vess& have at jume or I .beir wate‘ .>m t h t

Ypruved,

Z are
~~AU,
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Table 4-17

Relationship between Last Port-of-Call and source of the ballast
water carried by vessels entering U.S. ports (where the
relationship could be determined from the data).

Vessel NOBOB NOBOB LPOC SOBOB LPOC ALDCBLKX
Type N n % n % n % n %

All 965 154 16 512 53 168 17 131 14

Container 215 5 02 142 66 59 27 9 04,

Bulker 321 40 .13 154 48 50 16 77 24

Tanker 179 95 53 47 26 17 10 .20 11

'General 83 7 08 54 65 9 11 13 16
Cargo

.A.. Table 4 - 18

Relationship between FAO region of Last Port-of-Call and FAO region
of source of the ballast water carried by vessels entering U.S.
ports (where the relationship could be determined from the data).

89 12 316 44

Container 133 5 04 16 12 65 49 47 35

Bulker 242 40 17 23 10 36 15 143 59

Tanker 157 95 61 11 07 9 06 42 27

General 68 7 10 13 19 9 13 39 57 -
Cargo

The following Legend applies to both of the above Tables.

NOBOB:
NOBOB LPOC:

SOBOB LPOC:

ALLBOB LPOC:

NO Ballast water On Board.
NO Ballast water On Board is from the Last

Port-Of-Call.
SOme Ballast water On Board'is from the Last

Port-Of-Call.
ALL Ballast water On Board is from the Last

Port-Of-Call.
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reaching a high of 84 percent with container ships (but a low of 33 percent for tankers).

LPOC data (from Census TM 385 reports) are the must accessible data now available fur
possible ballast sources, but these data sets will require specific BOB supplementary source data
to permit an understanding of the actual sources of nonindigenous species arriving in U.S. waters.
While collapsing LPOG into regional FAO pictures is useful for a general understanding, these
data would fail to identify vessels coming from regions of primary concern (“Global Hot Spots”),
nor, as noted, do they provide any fine resolution of source regions.

.
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B~u~u~ca~  ~v~~u~ in a~~atjc en~runmen~  frequently  have prufu~nd  e~~o~ca~~
e~nom~c,  and social ~~e~~en~.  Nut alI ~nv~~u~  have stung negative  effects. zany
~v~~u~ appear to have little  ub~u~  ~~e~uen~  when foddered  in any sense, and sume
~v~~u~ have had strung pus~t~ve  ~no~c impact (such as the edible ~apan~e littleneck  clam
~~~~~~~  ~~~~~~~~~~~,  ~trodu~ a~identa~~y  with otters  in the Pacific ~urthw~st~.  However~
n~rneru~  non~nd~genu~  species have be~me predator,  ~mpet~tu~~  and d~t~rbe~.  invading
ph~up~an~e~  can cause toxic and hades algal b~uu~,  and many invades are parasitic
Patbogens~  or other Deere-caning  a--* ?f fish, she~~~~h~  and h~rna~.  The ~2’: r::curd of
~nv~~uns  with negative  ~rnpac~  sets tr for v~tur  management. hen ar,,: v?hy environs
uccur and the abides  to resize inv. z an inte~a~  part of this ma~agern~n~  fu~ndat~un.

dramatic g~uba~  ba~~as~~~ediated  ~nv~iuns  in the 1980s have sparked a good  deal of
d~sc~s~un  as to why bandit  water wuuld  or could play a greater rule in the dispersal  of
non~nd~genuus  species than it had pre~u~~y. The Great Lakes were invaded  by the zebra
mussei  ~reissena  uu~~ur~ha and five other species of European ~~hwater  organisms~  the US,
Atlantic  coast was invaded  by the ~apan~e  crab Hernj~aos~  san~ineus; U.S. Pacific coast
~t~a~~  were invaded  by thence  and ~apan~e  copepu~~  amph~po~,  other cetaceans, and the
clam Potamucorbu~a  amurensis; A~tra~~a  was jnvaded  by Japanese dino~age~~ates,  and the Black-
Sea was invaded by ~e~can comb ~e~~~h.  .S~res of other environs were reported as well, A
global  epidemic  of ph~up~ankton  b~uoms  is nuw uccu~ng ~Smayda,  1990)  and ballast water has
played a clear role  in s-me of these event  ~~a~d~n~  1992, Chapman et al., 1993). These
~nte~~ve  patterns of z ;iun wound  lead to the predi *rl that a~~d~~~~~na~  invas~u~  are nuw
occu~ng~  a n d  will  ce: .:iy occur in the future, if th ~th~~z~d  mechanism  of trans~urt~
bandit  water and sedi.-- - -:s, cuntinu~ -- that is, if thk et is not shut off or the leak: nut
s~~~cant~y  reduced in sdrne  manner.

However, as Carlton  ~~~b~ has noted, ‘Predictions of what species will invade, and
where and when ~nv~iuns  will user,  remain  one of the more elusive  aspects of bio~ugica~
environ sc~en~-~ dye fur example,  the zebra mussel su~~fu~~y  ~~un~zed  Lake St. Clair and
Lake Erie about 1986  (to be d~scuvered  two years later), rerna~~  ~n~u~.  Speculations  that the
zebra mussel was a candidate fur ~ntruduction  to ~u~h  ~e~ca have been made every decade
since the 1920s.  But by day 1988 (one month before the d~s~ve~  of zebra rnusse~s~~  and with
the apparent failure of the mussel to appear in ~er~ca, one putentia~  conc~us~un  would have
been that the ~e~can en~runment  was in sume manner ~nhuspitab~e  to the zebra mussei,  given
the prubab~~~~  that it ~~~ been transported and released in Mecca on more than one u~~ion
by any of a number of trans~an~c d~spe~a~  rn~han~s~.

In Bux 5-f we u~~~~ne  six hour -s which ‘r;ld seek to entail the appt :e of the
zebra mussel in hush  America  in the : L In es- ;:ce, huw~er, these heather; m? 20 my
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BOX 5-l
WHY DO NJ34  INVASIONS STILL OCCUR?

(OR, WHY DID THE ZEBRA MUSSEL INVADE NORTH AMERICA IN THE 198Os?)

A number of hypotheses may be set forth in an attempt to explain why new species continue to
appear in regions where a transport mechanism (such as ballast water) has existed for many years.
The following concepts apply to uny invasion, not just  zebra mrrssel. The zebra mussel literature,
both popular and scientific, has occasionally invoked one ur more of the following hypotheses as
“fact” or “dogma”. In reality, we do not know why the zebra mussel, or any other recent invasion,
was successfully introduced when it was, and nut earlier. Similarly, we cannot explain why many
species have not yet been introduced into North America (see Box 5-2, “Is it Too Late?“). It is
important to note that these hypotheses are not mutually exclusive.

1.

2.

Changes in the Dorwr Region
The donor region (for example, western Europe) may change environmentally and/or in
species composition. Extensive efforts to reduce pollution, fur example, may improve
harbor, river, or port water quality to the point that resident species may experience
population increases th&wou!d make them more readily available to transport and in turn
result in large inoculation sizes. Alternatively, the environment may nut change, but a
new species invades the region, and interfaces (for the first time) an existing transport
mechanism (the “hopping aboard the conveyor belt” hypothesis). An example appears to
be the history of the dispersal of the southern Californian crab Pvromaia tuberculata
which, once it became established and abundant in San Francisco Bay, appeared in Japan

.shortly thereafter -- due to dispersal by ships -- from where it was then transported to
Australia. Similarly, of course, any new invasion establishes a new potential center of
dispersal -- thus the Great Lakes are now erporfens  of zebra mussels, San Francisco Bay is
now an exporter of Asian clams, and so forth. Jones and Caughley  (1992) have added the
pertinent example that the worldwide increase in aquaculture may lead to the increased
distribution of diseases and parasites -- which, in turn, are transportable by ballast water.

New Donor Regior~
New commodities from different ports, or newly available ports (ports perhaps earlier
restricted from greater international cummerce  due to political forces), create
opportunities for the transportation of species that have not previously been dispersed b!
one or more human-mediated mechanisms. Alternatively, new ports may make available
different genetic stocks  of species that have been transported from other regions
previously. Both situations may lead to the appearance of novel species. The opening of
more international trade between mainland China and North America may be one of the
reasons for the appearance of Asian copepods, and the clam Potamucurbula  amurensis, in
San Francisco and other west coast  estuaries.

3. 4 Changes  in the Recipient Region
The area being inoculated, regularly or irregularly, by nonindigenous species, may change
in one ur mure ways, thus altering the “resistance” or “susceptibility” of the region to
invasions. A number of arguments pertain here: the region may become less polluted,
thus being more susceptible to invasions by species previously excluded or the region may
become more pollured, thus being susceptible to invasions by pollution-tolerant species,
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BOX 5-l ~~untjnu~~

~a~j~u~ar~y  as ~r~u~~y present s~e~j~ decline.  ~a~~~~ of the fu~er are ufren said
tu be the ~~-~ver  inv~~u~ by s~i~wu~  and g~bb~~~  after the ~tab~is~~ent of sewage
trear~ent  plants, in recur with Iittle  or no ~~tu~~a~  wood borer d~t~~tiun~ exa~~~~ of
the latter in~~~d~  a~~ust  all e~a~~~~  of the ~tab~~~~ent  of new sewer u~tfa~~~  and the
subse~uenr  e~~~~at~u~  of the u~~na~  biuta and its r~~~a~~ent  by a suite of species ufj
broader ~~~~U~ug~~a~  ~~~ti~i~,  order et al. ~~~~  have s~gg~t~ that the recent
~tab~is~~ent  of the bran &a~anuid Gwen ~se~dudiautu~~  ~nuu~n~  in the ~~~~bia
River steak w~ay  have been en~~raged by a s~erg~~ baleen ~~~r~as~ bandit
d~~~~ng  [see ~~t~~~ 5, beIuw],  decrease in ~~~~~ flows due to reg~~atiun  of the
river, and the atten~at~un  of ~~re~~ low te~~erat~r~  in the steak du~ng the last
decade,” ~~~~ar~y,  pickup et al. ~~~~  have s~gg~t~  that the saps of the bran clam
~uta~u~rb~~~  in invading  San prance Bay may be related in part to the de~r~iun  uf
the native  b L ’ +. -in I result  of s~ta~n~d  drugget.  ~G~uba~  u’ - 7 wuu~d  cause e~ang~
in mean ter. ‘~ ~~~~~r~~~  ~andrak ~1~~~ has related such cE :u the ~te~tja~  inv~~un
of the Grea: A., .Ces by subtler fr~~water  fish species.

4. ~~~~~  l.fGl&& in t&e ~~~ ~
~nv~~uus  may ulnar when the ‘~ru~~~~  ~~binatiun  of ~~~~&a~~  ~~~~~~a~~  b~u~ug~~a~~
and~ur e~~ug~~a~  va~a~u~~r~  ~u~~tune  ~1~~~ has thus referred to the inapt of
~jnv~iun  ~ndu~~~  whereon  one or more  ~a~e~#  to inv~~un  are re~uved,  remitting  a
s~~~~sfu~ ~~un~zatiun  event. This ~~enu~enun may be relatively  j~de~endent  of the
other ~~enu~~na noted here, and fairer invuk~ a ~utentia~~y  large  number  of stu~~~ti~
events.

5, ~a~ ~e~~a~  ~ ~~~ ~~ ~~~
f

This  b~urbesis jnvuk~  oranges in shims  and shilling  batter to explain novel ~nv~iuns.
These center around three ~utentia~  ~~~nu~ena,  any ur all of w~j~~  cuuld  lead to an
increased rate of ~~u~~~atiun  of nunindigenu~ scrip:

> Ai -** ~a~~~ S berg reheated,  because there are mure  ships a~d~ur  -ger
‘. . Tb ~~t&~jn~  ~~~~~ has nut~d  rhat the v~?~~~~  of balh-  +dter
C‘ xge. ftu ~~tra~ia  ~in~reased  dr I ~~j~a~~v~’  frum the Iate If, :!j and
ur. .mls wb:rsh  the advent of bulk cargo: riers,.  Cuuper ~1~~~~  aI:. > noted
that since the ~~ a revu~~t~un  in rr- - ant s~~~~~ng u~~~~ed as
~ntajnerizatiun reduced time in ports  frum weeks to days and as bulk
cagier and tankers jn~re~ed vastly in size,

> ~~~~ are ~ff~~~~  ~~a~  in ~~~~~~ ~~~~~e~~  thus vuyag~  are shorter and
Solvay  of entrains  species day be better.

> ~~~~’  ~~~~~~~  ~~~~  me ~~e~~er~  because of the neatly in~re~ed number  of
vesseb now  trans~urt~ng  water in either segregated or dedicated  tanks, as a
result of both  new internatiuna~  and natiuna~ laws.

Thus,  if pure species, and greater numbed of jndi~d~a~~  are being released at greater
rates, there is a greater chance of ~nt~rfa~j~g  with changes  in the en~run~ent  ~~~ut~~~
1) or, indeed, ~inv~~un  ~ndu~#  ~~~ut~es~ 4). ~~~~ a guud deaf rf ~~e~duta~  evidence
ar .. YITS  to be avai~ab~~  that mure  water is being released, that ships I :ter, and that
Sk ball::, tanks are cleaner, no formal studies have been ~a~ia~e de~u~trate
tb pher mna in a detainee  ~uantjtative  f~~jun. It day be note ~n~re~ed  v e s s e l  I



BOX 5-l (continued)

speeds could  further mean that more ports could  be visited in lesser time, meaning that
more species could  be spread faster.

6. St- Popuhmhn-l.tion Events
Independent of the other phenomena described above, “simple” stochastic events may
occur, wherein a rare event occurs and very large numbers of a species are ballasted
aboard a vessel. Thus, a single vessel may have ballasted up hundreds of millions of zebra
mussel larvae (or indeed “juveniles”), and released must of these in Lake St. Clair  and/or
western Lake Erie.

There remains the possibility that a certain amount of the apparent increase in ballast-mediated
invasions may be independent of invasion ecology and mure  dependent upon scientists themselves.
It is often observed that when attention is called to a phenomenon, more examples quickly are
discovered and reported. There further remains the possibility that species are being assigned to
ballast water transport without adequate attention to other potential mechanisms -- such as
external ship fouling and entrainment, ships’ chain lockers and anchors, and semisubmersible
exploratory drilling platforms.

.
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~~~~~~~~.  These h~oth~~ are set against the ba~kgru~nd  q~~tjon  of why species ~ntjn~e  to
appear long after an jnv~jun ~orridur  with an active transpu~ me~han~m  has exjsted.  dye in
amend, do nut must of the transpurtab~e  species be~me transported jmmedjate~y~  Two
h~uth~~ focus un the donor ~suur~~ region; two focus on the re~jpjent  regjun,  one h~uthesjs
focuses  on the me~han~m  of d~pe~a~,  and one on st~h~tj~  pupu~atiun-inu~u~atjun  events. In
Box 5-2, we examine a elevated qu~tjun relative to the utj~i~ of unde~a~ng bandit water
management relative to the ~despread mis~n~eptiun that must inv~iu~  may have already ;
occurred, and note example of future putentia~  invades.

It is important to emph~ize  that the sulfur ~tab~hment  of a specie-s is rarely  related
to any one en~runmenta~  parameter. The life h~tu~  stage of the ~~uni~r~ the ~herni~a~  and
ph~j~a~  nature of the en~runment,  truphi~  r~uur~~,  ~mpetitu~~ predatu~~  the levels and
ranges of bju~u~~a~  and ph~j~a~ d~turban~e,  and a host of other va~ab~~  in reality mediate
jnv~jun events.

~~~nj~jng  lnvas~uns: ~~Fle~t~e~ and C~~~~~~~ ~eFt~uns

MI specie in a ~mrnunj~  can be ~ruuped hree ~ategu~~: native species, non-
natjve  species, and ~~tugenj~  species. Th 2 fu~~u#-~~.  _ .~s~~iun  on species u~gjns  and hjstu~
pe~ai~~ with ~ussjb~e  ex~eptjuns~  to ~~~~~e~g ~~ ~~ ~~~~=~~r~~  ~~~~u~
in less ~~ 2~ ~~~ ~~ These  jn&~ude  estua~ne ~bra&~h=water~*  marsh harbor, port,
~aguun,  bay, inlet, sound, &nd  sha~~uw fjord  urgan~ms.

Native sne&ies  are those that have been prehjsturj~a~~y  present in the ~umrnunj~,
~ju~u~j~a~  jnvasjuns  ~nun-native  spe~ies~  jn~~ude  range  e~ansiuns ~natura~  muve~en~  along
~urrjdors~  prance  e~ensjuns are the reports of new geugraphj~  records, nut the expansion jtselo
and jntrod~~tjons~  species transported ~thin  histurj~a~  time by human agen~j~ ~~ar~ton~  1387, =
~~~~~~  ~jsturj~a~  records fur most species in must ~ummunities  are unavaj~ab~e*  In ~~assi~a~
bjogeography,  species with no histuri~a~  record are ~nsidered “natjve.#  In fact, many such species
are &~to~enj~~  species neither clearly native nor intrudu~ed.  AlI lists of all species in the
~umm~njtjes  under ~unsideratiun  here shuu~d  thus be divided into these three ~a~~gorjes.  ~jth
rare ex&eptjun  huwever~  bjogeographers and s~tematis~  divide species up : .:y into  the twu
~ategorjes  of ~~native~  or #jntrod~~ed-~

zany marjne~  bra~kish~  and freshwater urganjsms  are reported as very ~de~y distributed.
Some species are cunsidered  ~usmunu~~tan~  u~urrjng over several u&eans  and ~untinen~  and
often in many habjtats.  Other species are co~idered  to be Fanburea~,  nantemnerate, or
~antrouj~a~ == emending  in a band or arch throughout latitude  and ~ungitudes  of sjmj~ar
temperature. Other species are ~nsjdered amnhjo~eanj~~  uc&u~ng  transu~anj~a~~y  a&russ  an
ocean, from one ~ntjnenta~ margin tu another (such as “amph~t~antj~~  species in the ~urth
~t~antj~  U~ean~. Yet other taxa may be ~nsjdered bitemnerate or bj~u~ar~ u~urring  in the
nurthe~  and suuthern hemisphere but nut in the jnte~ening  trupj~a~  regju~.

Such ~d~pread  djstrjbutiu~  may arise from three pu~ib~e  ~a~~~  (I) the distrjbutju~
may be naturals  ha~ng arisen from natural dispe~a~su~atiun  pru~~~~ (2) the distributions may
be human-medjate~~  ha~ng a~sen from djspe~a~  by humans~  (3) the distributions may be
erruneuus~  the reports ar~jng  from the misidenti~~atiun  of two or more species as one species.
~jd~pread  djstributjuns  may be reported as ~ntinuuus or patchy. Thus a species may have been



BOX 5-2

IS IT TOO LATE?: FWTURE  INVASIONS

One of the most frequent questions and comments that are asked or made relative to the
potential for future invasions by ballast water is why, if ballast water has been moved from point
“A” to point “B” for a given number of years, all the species that could  have been transported and
successfully established would nut have already dune so. Indeed, this may be carried one step
further with the observation that “AI1 species that could  have been introduced by ballast water
would be here by now.” Some members of the public and of the scientific community have
offered the latter statement.

The continual appearance of new species, believed to be transported by ballast water,
argues against the completion of the potential pool  of invaders. The six hypotheses outlined in
Box 5-l offer reasons why such new invasions would occur, long after a dispersal mechanism on
an invasion corridor has existed. A conclusion is that invasions occur at an unpredictable point
along the history of a transport mechanism and corridor.

.-.

A useful corollary question does, however, arise from this observation: if no “major”
invasions have yet occurred in a given region, despite many years of the existence of a transport
mechanism, and despite evidence for the continued release of nonindigenous species, dues this
mean that the risk of invasions in this region is “lower”? An example would be Chesapeake Bay ==
where, while invasions have occurred (see text and Table 5-l), no salt-water invasions of free-
living invertebrates have apparently  occurred at the scale of the zebra mussel in the Great Lakes =
or of the Asian clam in San Francisco Bay (there have been no formal studies of the biological
invasions of the Chesapeake Bay system, and thus it is nut possible to be unequivocal in this
example). The Chesapeake system receives ballast water from many regions of the world both in
the upper bay (Baltimore, Alexandria) and the lower bay (Richmond and the port system of the
Hampton Roads region). One answer is that the risk of invasions may be lower than in “high
invasion systems” (such as the Great Lakes or San Francisco Bay), but this only means that the
number of successful invasions may be lower == not thnt there is no future  risk of invasion of a
species with profound potential for ecological, economic, and social disruption. Local
environmental changes (Box 5-l) can alter sites with a previous history of few introductions to
sites that are highly susceptible to new invasions.

.

Thus, as long as a transport mechanism exists =- such as the conveyor belts of ballast water
now wrapping around the world == the potential remains fur new invasions. Carltun  et al. (1993a)
and Carlton  (1992b) have considered potential future invasions into North American fresh,
brackish, and salt waters. It is critical to emphasize that it is impossible to make a complete list of
all potential unwanted invaders from a foreign source, in large part because many species do nut
express “nuisance” characteristics within their native ranges. As discussed in Box 6-3, this
phenomenon is the foundation of the difficulty in the “certification” of ballast water and/or
sediments as “free” of one or a limited group of species == while others may still abound.

It is nevertheless possible to identify a number of species which have invaded other
regions and/or are species of ecological or economic concern, which have nut yet reached
American shores. A few examples are as follows:
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The Chjn~e  ~~hwater  rn~i~id  ~~rnnune~a  fu~unei ~~u~un,  1977a, 19~~~  and the
~ndjan  ~t~a~n~ rn~i~jd  ~udju~~ stratums  ~~u~un,  1977a, 19~~~~  both jmpurta~t
fu~~jng  rnu~~~~~  may yet reach Nu~h henna. ~jmnune~a was must recently reputed
as ~vadjng Taiwan by Ti~n-pi  et al, ~~~~~.

The Asian bru~ alga ~nda~a njnnati~da,  which  has newsy  evaded A~tra~ia and New
~a~and ~Sande~un~  199& Hay, 1~~ and Europe ~~u~‘h  et aL, 1991), appears to be a
strung ~andjdate  fur bemoan  jnv~jon. (The ~apan~e brown alga Sar~~sum muti~um,
already ~tab~jshed  on the North bemoan  Pa&% coast and in Europe ~C~t~h~ey~  1983),
will  predictably  be ~ntrudu~  to the Nu~h bemoan  Atlantis ante.

The fuu~jng  ampf Italian Cr ,~nhjurn  ~~~~~~~~  newly  abundant in huge-. - -  .  ..-
de~jtj~  ~1~~~. xare meter :le Rhi-:*it.- %cr Van den Blink  et al., WI), is
~thuut du~bt  nu. g d~t~bute~ 3 this “~.~oba~  Hut Spot” to shores around the
world. Car~tun et L. :. ~~3a~ predict ~nv~jun  tin the Atlantis coast  of North henna
by bandit water. Its increase  in abundant  in the Rhine River and thus its putentja~
djspe~a~  to North ~~~a relates to ~nv~jon  h~uth~~  1 in Box 5-f.

The small  fr~hwater hydrubiid snail Putarnun~F~ antinudarum  ( = g. ~enkinsj~~ natjve  to
New Zealand and intrudu~d to Euru~,  with de~iti~  reputed at > 8~,~~square
meter, is a prubab~e  invader of alter Nu~h henna  ~Car~tun  et aL, 1~3a~=  It now
0~~~ in the cuddle Snake River s~~ern  of suuthe~  ~dahu, but detains  of the suur~e and=
me~han~m  of its ~ntrudu&tjun  there in the 198Us  are nut bud.

The tuxic, trupjGa~  algae  Candela  t~fu~ia,  a new invader  of the ~edjterranean  ~~ejnesz
and Hesse, 1991)  is a stri~ng ~andjdate  fur ship d~pe~a~  to southern U. S. watts.

The Japanese upuss~~ shrimp  ~rn~id~  Neum~is ~apuni~a~  jntrudu~ed  by babast water to
Austra~ja  brunt, 1991) is predictably  already  pr~ent~  but uver~~ked,  in Pacific coast bays
and Stuart.

It is nut tuo late fur g~uba~  bandit  water management. There are thu~an~  of species on the
jnv~jun hurj~un.



documented at hundreds of locations or from only a few stations around the world. Both
distributions are frequently referred to as “cosmopolitan.” In this regard, biogeographers further
frequently note a complicating phenomenon: the distribution of many species of plants and
animals may simply reflect where biologists have sampled (Hutch@ et al., 1987; Pollard and
Hutchings,  1990, p. 243). Thus, the same species of marine worm found in Japan and Australia
(but with no known intervening populations) may reflect either truly disjunct populations (due to
(1) or (2)) may not be the same species at all (3), or may actually have a continuous (although
incompletely known) distribution from Japan to Australia (with or without tropical interruption).

Carlton  and Chapman (in preparation) explore in detail more than 20 biogeographic,
historical, mechanistic, ecological, biological, evolutionary and genetic criteria by which to
objectively determine whether a species is native, introduced, or cxyptugenic, and whether a
species’ global distribution can be attributed to one or more of the above  phenomena and
processes.

As a result of these complexities, there can be little doubt that the rule of human-
mediated dispersal of aquatic organisms has been vastly underestimated. Despite the ctyptogenic
status of thousands of species, many species whose history, systematics,  and/or  biogeography are
reasonably well known can be i&gnized  as owing their modem day distributions to the
movements of vessels around the world since at least the 14th century.

A “classic” pattern of ship-mediated dispersal would be one where a species is widespread
along the inshore continental margins of one ocean basin and is also recorded fram (I few isolated
par? systems in another ocean basin (note that many other disjunct distributional patterns in and
of themselves do not necessarily indicate human-mediated dispersal). Seasquirts (ascidians), well-’
known ship fouling organisms, provide excellent examples. A number of North Atlantic species,
for example, have been transported to the Pacific Ocean. Ascidiella asnersa is also known from
Australia and New Zealand (Kott, 19SS),  where it was doubtless introduced-by&i-t  an early
dat.e.  Ascidiella asnersa has recently (>1985)  appeared in southern Massachusetts and
Connecticut (J. T. Carlton,  unpublished). Ciona intestinalis is now known from a few port
systems around the Pacific Ocean (Carlton, 1979a, who corrects earlier misinterpretations of its
North American Pacific coast distribution, and demonstrates that it is restricted in the Northeast
Pacific to harbors and ports from San Francisco to San Diego), and Moleula  manhattensis is
present in harbors in Washington, Oregon, California, Japan, and Australia. Such clear disjunct
patterns become increasingly obscure as species are reported from scures or hundreds of
locations, as might be expected of taxa transported from one ocean to another three or four
centuries ago.

The Role of Wars: Shipping Corridors and the Dispersal of Marine Organisms

Wars create altered shipping corridors involving military vessels, vessels pressed into
military setice,  and the merchant marine. These corridors may be novel (distinct from historical
trade routes) or simply impose upon older routes much higher levels of transport activity. It is
thus not surprising to find that a large number of marine organisms are thought to have been
newly introduced co-incidental to wars. The Australian barnacle Elminius modestus  appeared in
England during World War II (Elton, 1958). Two species of Philippine jellyfish (Cuttress, l%l),
the Californian isopod crustacean Paracerceis sculpta  (Miller, 1968) and a number of Indo-Pacific
crabs (Edmondson, 1951, 1962) were carried to the Hawaiian Islands during World War II. The
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Ca~ifomian  salt water fIy E~h~dra ~~~i~is  was allots  at Hi&kam  Field, Honolulu, at the end of
the war in 1946, an u~~u~en~  Wife ~~94~~  related to the pru~rni~  of the Uahu seaplane bases.
Cooke  ~19~~~  sp~ulat~  tbat the prcwxe of many ~smupulitan  hydrui~  at Enewetak Atoll may
be due to the #many hundr~ of ships and barges that visited in the later part of World War II
and du~ng the period uf atumi~  bomb  t~ting”.

These example may reflect only  the tip uf what remain  a largely ~~nv~tigated i
phenomenon in Paging Rim biogeography ~Carltun,  1987).  The Korean-Japan~e shrimp
Palaemun rna~ruda~~l~ was dis~ver~  in San Francis Bay shu~ly after the Korean War
~Ne~an~  1963). A number of water  and suuthw~tem  Pa~i~c  invertebrate  appeared in
central and southern California harbu~  du~ng  the Vietnam War ~1962 -1975); Carlton ~19~9a~
pru~d~ a summa~.  hung these were the Indian U~an fuu~ng isupud  Snhaeruma walkers
which ~mpleted  its world vuyag~  by along  in San Diego Bay9  the largest naval port in the
w~tem hemisphere, by jo-2 ~Carltun  and Iversun, 1979).  Chapman ~19~~ d~~~b~  the new
amphipod species Curu: alienense  from San Fran~is~  Bay, where it was first ~l~e~t~  in
1973, and intruded  (his. Bon  murphulugi~al  si~~a~t~e~ to its near~t relatives that it was a ,
Vietnamese species. Murii ~19~~  prupus~  that the fulling dre~senid  mussel M~i~unsis  sallei
was tra~purted  to Hung Kung on boats of Vietnam~e  refuges. ~Nu~a~  milita~  a~ti~~  Maya
of course, transpu~ species as well. Sakai ~19~6~  surety that an indi~dual  of the Ch~apeake
Bay blue crab Calline~tes  sapid~ found near the Yukuhama  Naval Base in Japan in 1975 may
have been intrudu~d  in the, b&last  tanks of s~brna~n~ along  from the east coast  of the united
States, Here, huwever~  normal ~mmer~ial vessel tract ~annut  be exploded.

Given the great dif~~ulti~  in re~gnizing  which  species are in fact inv~iu~~ we present l
here the f?rst  ~he~~~t fur the united  States of intrudu~d specie-s whose intrudu~tiun  is ~lieved
to be related to ballast water (Table 5-l). Included  are species fur which  ballot  water is the
p~~ab~~ me~han~m  of intrudu~tiun  (no other mechanism appear  pla~ible at this times  and
species fur which  ballot  wa:- e is a ~ss~b~e  ~~e~han~m  of intrudu~t~..  1. ~~~re~~~vg  ~~per~~~
rn~~h~n~rn~ have been iden ~esi; see Table 5-l fur a Iist ;:f these).

A total of 103 species are identi~ed.  Table 5-2 pro~d~ a ta- :r summa~  of these by
region of intrudu~tiun~  u~gin,  and prubabili~ of ballet-mediated  trat; .,;ort. Twen~=nine  species
are native to ~eri~a  and have been transpurt~  thin the united Stat~~ of these, 21 are
prubab~e  ballast water species. Seven~=fuur  species are foreign (not native to the united  Stat~~.
Of these, 16 are found in tbe Great Lakes. The  uurn~r ol fo~~~~ mark o~a~~srns  which have
been p~o~a~~~  and ~ssi~~~ ~~t~~~ i~~~~~ ~a~~ast  water is 57 species.

Regiu~  best studied are the Atlantis and Pa~i~e coasts.  The signi~~ant  in~uen~e  of the
four fa~tu~ listed below upon  alt ~eri~an  studies makes it dif~~u~t  to d~tin~~h  if in fact the
lack of reports of inv~iu~  in the last 20 years on the Gulf, Hawaiian, and ~~kan coasts is due
to these in~uen&~  or tu the ~ssibili~ that there have a&tua~~y been fewer inv~iu~  on those
outline  than in other regiu~~  Of all foreign Maine inv~iu~ (prci .Sle and 0-1 :ible),  35 (61
percent: occur  on the Pa&i~~  coast; 15 (27 percents  occur  on the Ati ‘c ~0%.

There can be no doubt that the num~r  uf species listed in Tab& 5-l is b :~?i~~~nf
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underestimate of the actual number of ballast mediated introductions. This underestimate is
related to three important phenomena:

(1)

(2)

(3)

Faihre  to recognize inv&: As outlined in the previous section of this part,
most systematists and biogeographers within their taxunomic specialty usually make
the assumption that a previously undiscovered species is native rather than
cryptogenic. Assigning species to the latter category would spur mure  detailed
investigations into the native verses introduced status of many species. In other
regions (such as the Hawaiian Islands), species may be recognized as nut having
previously occurred in the region, but their appearance is assigned to natural
processes (such as dispersal via ocean currents), often with no investigation of
alternative dispersal mechanisms (such as shipping). While some natural processes,
such as ENS0 (El Nino = Southern Oscillation) events, lead tu the appearances of
novel species, these frequently do not establish permanent populations.

Absence of qional  s&ier by spy-ci&tr: Where specialists have examined the -
biota carefully, introduced species are often reported. Thus, a relatively large
number of introduced gammarid  amphipods and cupepods are recognized along
the Pacific coast,,while  the literature remains relatively silent fur the rest of North
America. Similar patterns occur in many other groups.

Absence of ~sfematic slu&r  @ specio&rW Major, eculogically important groups
of organisms remain virtually unstudied in many shallow water regions of America.
Polychaete worms and diatoms, for example, are two of the must abundant groups
of organisms found living in ballast water. In striking contrast is the absence of =
reports (with a few local exceptions) of invasions of marine worms and
phytoplankton (including dinoflagellates  and diatoms) in U.S. marine and estuarine
waters. This failure is due in part to the first factor listed above and in part tu the
absence of systematic and biogeographic studies in general. Must diatom,
dinoflagellate, and other microalgal “blooms” in North American (U.S. and
Canadian) waters, the number of which has increased dramatically in the last 10 to
15 years, are rarely related to ballast water inoculations == or, indeed, this
hypothesis is often rejected prior to any thorough analyses (Chapman et al., 1993;
J. Chapman, personal communication, 1992). This within-discipline bias can be
striking: while more than 150 species of invertebrates, fsh, algae, and salt-marsh
plants are now known to have invaded the San Francisco Bay system in historical
time (Carlton, 1979; Nichols and Pamatmat, 1988)  nut a single diatom or
dinoflagellate species is reported as introduced to the Bay. More generally, the
demise of attention to the marine and estuarine biota of American shorelines has
greatly increased the probability of invasions being overlooked. Many invasions
may thus go undiscovered, unrecognized, or unreported.

As discussed earlier, biases also exist relative to the potential listing of species as
intiuduced  which may in fact be native (a conservative approach is to list any such potentially
questionable species  as cryptogenic). This bias, however, rarely leads to an overestimate of
introduced species, because of the probability that far more introduced species have (fur the four
reasons noted above) been overlooked.
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including species fur whj~h ballot  water is neither a foible nor probable d~persal  rne~han~rn~

~~a~~ve  d~s~rsa~  rne~~a~~srns  ~~M~~
S = Ships: fouling urgan~~ external ~hull~  or internal (sea chests, seawater pipes
DA = ~~he~~: a~idental release with d~carded  algae ~seaweed~  in shell~~h  paling
CGI = F~he~~~ a~idental release with ~mmer~ial utter indite
6.x = Qcean or coastal Eugene
Ctber  codes:
NA = Nu~h henna
* = Nu~h bemoan  endemic  species, intrudu~  ~irh~ the units  States to lu&aliti~  shut

= No ~0~ altemati~~  me~han~m

S~ies~Cummun Name

-

‘hA

A’ TIC ~OA§T
Pa;
A&e ive
Dispe~al
Mechanism burl Remark

~~en~e~~
~~d~~oa ~~~d~o~ds~
Maeuti~  ine~~tata
Bla~kfurdia ~r~ini~a
Gonionemus vertens
Moerisia lvonsi

S Black Sea
S Black Sea?
S Europe
S Eastern M~iterranean~

circa
zinnia ~~a~a~~es~
*Balanus  subalbidus  ~Bostun~ S
~~ad~e~ ~water  Beas)
Ilvu&~tus  @ m-m
M~sida~ea  ~o~ss~rn  s~rirnp~
Praunus  ~e~usus ==-
~M~idunsis  almvra (Chess.  Bay)-=-
Delia {crabs and s~r~rnp~
Hemi~ra~us  san~uineus ===

Japan~e shore crab

Southern USA

Europe

Europe
Suuthe~ USA

Japan

. Fresh water

~~~US~

Biva~~a Stearns,  rn~sse~s~
~Ran~ia  ~uneata  ~Hu~un River)=-

W,-dge  clam
Dreissena ~~~~~urnha  (E’ -fsun R.)===

Round zebra mu

Luther  USA

Great Lakes Fresh and bra~~sh  water
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Gsstropoda (snails, seaslugs)
Tritonia plebeia

Sea slug

Bryozoa (lxyozoans)
Membranipora membranacea

Kelp bryozoan

Cbordata
Ascidiacea (sea squirts)
Ascidiella aspersa
Osteicbtbyes (fish)
l H~-usoblem%s ionthas

(Hudson River)
Freckled blenny

l Gobionellus hastatus *
(Hudson River)

_.-.

Sharptail goby

Rhodopbyceae (red algae)
Antithamnion nipponicum

Polvsiphonia breviarticulata

Dinoflagellida (dinoflagellates)
*Ptvchodiscus brevis

Alexandrium minutum

Bacillariopbyceae (diatoms)
*Coscinodiscus  wailesii (?)

Rapbidopbyceae (cbloromonads)
Aureococcus anophaeefferens

TABLE 5-l (continued)

B-m Europe

w-m

S

---

Europe

Europe

Southern USA

Southern USA

Not established?

Not established?

S Japan/Mediterranean

om Mediterranean/Canary Is.

oc

w-m

---

?

Gulf of Mexico

Europe/Mediterranean

NA Pacific?

?

J. F. Foertch, pers.
comm.  (1992); Note 1

Also known from
Dominica

East coast occurrences
should be examined
relative to BW traffic

Cryptogenic

“Brown tide” of 1985
1986. Cryptogenic.
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From  St. Lawrence
FL, Uue~ec;  to be
erected in Great
Lakes

.
.

Eurasia



TABLE 5-l (continued)

Pruterorhinus marmuratus
Tubenuse guby

Gymnocephalus  cemuus
Ruffe

l Apeltesa u a d r a c u s
Fourspine stickleback

*Gasterosteus  aculeatusPY
Three-spine stickleback

Bacillariopbyceae (diatoms)
Actinocvclus  normanii subsalsa
Biddulphia laevis
Cvclotella atomus
Chaetoceros hohnii
Skeletonema potamos
Skeletonema subsalsum
Stephanodiscus binderanus .:-
Stephanodiscus subtilis
Thalassiosira guillardii
Thalassiosira lacustris
Thalassiosira pseudonana
Thalassiosira weissflogii
Diatoma ehrenbereii
Cvclotella criptica
Cvclotella pseudostellieera
Cvclotella woltereki

Chloropbyceae (green algae)
Nitellopsis obtusa

Chrysophyceae (coccolithophorid)
Hvmenomonas ruseola

Phaeophyceae (brown algae)
Sphacelaria  lacustris

Rhodophyceae (red algae)
Baneia atropurpurea
Chroodactvlon  ramosum

Nor esfa bl$ed:
Crustacei

Decapoda (crabs and shrimp)
Eriocheir sinensis

Chinese mitten crab

Eurasia

Europe

NA Atlantic

Great Lakes/NA  Atlantic

Eurasia
Atlantic?
Atlantic?
Atlantic?
Atlantic?
Eurasia
Eurasia
Eurasia
Atlantic?
Atlantic?
Atlantic?
Atlantic?
Atlantic?
Atlantic?
Atlantic?
Atlantic?

Eurasia

Eurasia

Atlantic?

Atlantic?
Atlantic

Europe
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Europe

~rorjus~
Biy~~~~ (clams and rn~ss~~~~
Pema pema

Edible brown mussel
~~el~3 ch3~an3

Chaffu mussel
Drejss~na  PuI~u~~~

Round zebra mussel

s Suuth ~e~c3

s * South ~eric3 Nut estab~~shed~

Eurasia ~ected  in ~iss~s~pp~  Delta
b y  1993

Sne~ies~Cummun  Name

~3p3n,  China

~~ite~~3ne3n



TABLE 5-l (continued)

Sy-pbozoa Cjellyfisb)
Phvllorhiza punctata
Aurelia “au&a”

Annelide
Polycbaeta (worms)
Oohrvotrocha  labrunica
Boccardiella lieerica

l Nereisacuminata
Pseudonolvdora kemni
Pseudopolvdora naucibranchiata
Eteone tchangsii (?)
Spionidae: undetermined species

.r”.

S
s

Indo-Pacific/Hawaii
Japan N. Greenberg, pers.  comm.

(1992); Note 1

e-m Mediterranean
S Europe? Fresh and brackish water

S
SK01
s/co1
co1
---

NA Atlantic
Japan
Japan
Japan
?

Potamilla sp.: undetermined or new --- ?
Oligocbaeta
Tubificoides  benedii

Crustacea
Copepoda (copepods)
Limnoithona sinensis
Oithona davisae
Sinocalanus doerrii
Pseudodiantomus marinus
Pseudodiaptomus inoninus
Pseudodiantomus forbesi

Cumacea  (cumaceans)
Hemileucun hinumensis
Mysidacea (opossum shrimp)
Deltamvsis  holmauistae
Isopoda (isopods, slaters)
Eurvlana arcuata
Dvnoides  dentisinus
Snhaeroma walkeri
Ianiropsis serricaudis
Am$bipoda  (amphipods, scuds)
*Ampithoe  loneimana
Coronhium alienense
Corophium heteroceratum
l Gammarus daiberi
Auroid sp.?

--- ?

DA
---
--_

China
Japan
China
Japan
Asia
China

Japan

Asia?

New Zealand?
Asia
Indu-Pacific
Asia

F. Nichols and J. Thompson,
pers. comm.  (1992); Note 1
(3s above)

Vancouver Harbor, British
Columbia; to be expected in
US writers .

Note 1

NA Atlantic
Southeast Asia
Japan
NA Atlantic
Asia?

J. Chapman,pers.comm.  1992

J. Chapman,pers.comm.  1992
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Deals ~c~~~ and s~~rnp~
P~~aemun  rnacrudac~..~= -*

Asian sop
~R~~~nanu~e~ ha~~~s~~ COI?

Atlantis mud crab
C3~~ m3en~ DA?~~

Green crab, shore crab
Sa~muneus  ~3ci~~~~ -
Sn3pp~g  sh~mp

Mu~~us~
Bag (clams and rnus~e~~~
M~~jsta  senhuus~a  ~suuthern  CA) S

Japan~e mussel
Theor lub~~a

Japan~e clam
Put~~rb~la  amuren~~s

Asian clam
~3~~3 (sn3j~s  and se~s~u~s~
cl3n~l~ ater r-“E-.

~upsn3i~
Sabia cunica.

Huu~sna~~

Cbo~3~
~~te~~t~~es ~~~~~
~ridenti~er  tri~unu~epha~~s

Chame~eun  guby
A~anthu~ub~~s  ~a~rnan~s

Ye~~u~n guby
~L~~n~3 DaNa

Rainwater fish

Asia

NA Atlantis

NA At~ant~~~

Asia

Asia and~ur  N CA

A s i a ,  Indu-F  ‘c

Asia (Chin:

D. Cadien,pe~. ~mm. 1985

Japan Nut ~tab~~shed~

Japan Nut ~tab~ished?

Japan

Japan

NA Atlantic

A~tra~ia~ew Zealand
~ia?~uuth  ~eri~a~ J, Chapman, pers.~mm~

(1~~)
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TABLE 5-l (continued)

Cassionea medusa
Anomalorhiza shawi
Phvllorhiza  punctata
Mastigias  sp., cf. M. panua (?)

Crustacea
Copepoda (copepods)
Pseudodiaptomus marinus
Mysidacea  (mysids)
Holmesimksis costata

Chordata
Osteichthyes (fish)
Mugilieobius  sp.

Parablennius tvsanius‘_

S Indu  Pacific
S Indo  Pacific
S Indo  Pacific
S Indu Pacific

--_ Japan

m-w Northeastern Pacific

---

S

Philippines

Philippines?

J. Randall, pers.
comm.  (1991); Note 1

Table notes:

1.

2.

.
Unpublished records (other than those of J. T. Carlton)  are cited as personal communications from
authorities as shown. Suggestions that the taxon is either inmduced and/or  that ballast water trunsport  is
the (or a) mechanism of dispersal are, however, made here (with the exception of the amphipuds),  and
not by the authorities shown.

Great Lakes Oligochaeta: The three Potamothrix and one Wodrilus  species are re-instated here as
possible Great Lakes introductions, although omitted from Mills et al. (1993) based upon the remarks of
Brinkhurst and Gelder (1991). Teneridrilus flexus,  while known only from the Great Lakes, is included
here based upon the remarks of Erseus et al. (1990) of the restriction of the genus otherwise to the
Pacific basin.

References for documentation of these species available from J. T. Carlton.
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r~~water  ~trudu~~~ns~
otaI Forei~Nat~ve  Possible  and Probable  ~~~uct~o~ ~r~hwater Co~uniti~:
otal Forei~ Probable  ~~~r~u~t~~~  into Freshwater  C zies:

36 (see note 1)
17 (see note 2)

67 (see note 3)
57 (see note 4)
28 (see note 5)

~~~~~~ti~~~  af Totals  of ~~r~i~ ~p~j~~~
‘1 Total Foreign Prubab~e;  Dreissena threat Lakes and ~t~~t~c~  and Phvl~urh~a  ~a~a~~ and Paci~c~

each  scored once only .
:t> Total Foreign Poss~b~e~  B~c~d~e~~a  (Gulf and Paci~c~  scored once unIy

ate%
ate I.
se 2.
ore 3.
ore 4.
ate 5.

Freshwater ~~: 35 Great Lakes  (CL] species + water f: ~~~~~~s  in Ch~sape~
FW Foreign  Probab~e~  16 GL species plus ~~v~~~s  (se. re 1)
Make (I%) : 103 total  less 36 ~~hwater
M Forest Probable  and Possible:  74 Less 17 FW forest probable
M Forei~  Pro~ab~e~  45 less 17 FW fure~~  probate
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Invasions into the Heartland: The National Waterway System

Shipping from domestic and foreign ports can transport nonindigenous organisms not only to coastal
seaports but also tu inland ports in the National Waterway System (NWS) (Figure 5-l). Much of the NWS
includes the Gulf and Atlantic Intracoastal Waterway Systems, and thus many of the seaports discussed in this
report. Ocean-going deep-water vessels can, however, penetrate into U.S. watenvays  other than the Great
Lakes. For waters other than the Great Lakes, the inland extent achievable by deep water ocean-going vessels
are as follows:

ATLAhTIC COAST
Hudson River
Delaware Bay
Chesapeake Bay

GULF COAST
Mississippi River

Albany NY 229 km N of New York City
Philadelphia PA (Delaware R) 40 km N of Wilmington
Baltimore MD (Patapsco R) 20 km N of Chesapeake Bay
Alexandria VA (Potomac R) 11 km S of Washington, D.C.
Richmond VA (James R) 142 ky NE of Hampton Rds

Baton Rouge MS 205 km N of New Orleans

PACIFIC COAST
San Francisco Bay

Columbia River

,fX.
Sacram’ento  CA (Sacramento R)
Stockton CA (San Joaquin R)
Vancouver WA
Portland OR (Willamette R)

155 km NE of Golden Gate
139 km E of Golden Gate
164 km E of Pacific coast
176 km E of Pacific cuast

Freshwater or euryhaline brackish organisms can be transported up river as fouling or ballast water
organisms. From these ports commercial barges, ferries and recreational boats can transpurtnunindigenous
species well above areas navigable by deep water vessels. Thus, barge and other vessel traffic can move
organisms as far north as St. Paul-Minneapolis on the Mississippi River, as well as to other inland ports up the
Missouri. Illinois, Ohio, Cumberland, Tennessee, Tombigbee, Alabama, Arkansas, Black, Red, and Atchafalaya
Rivers. Similarly, non-ocean going traffic can move organisms east of Albany up through the New York State
Barge Canal, or north and east of Chesapeake Bay through the Susquehanna River.

Many of the ports in the table above are now highly modified urbanized-industrialized environments, with
the native biota long since largely displaced. Such environments are often conducive to invasions. Orsi et al.
(1983) have noted, for example, that the “Port of Sacramento [CA] is (an) apparently ideal place for the
introduction of planktonic copepods  as it is situated at the end of a long (38 km) isolated ship channel that
receives water only through ship locks.”

It is clear that there are numerous portals into the American heartland. While freshwater organisms
released in ballast water can gain access to the Great Lakes, the same holds true for organisms released into the
freshwater rivers and ports listed above. As “back doors” to the Great Lakes and other inland water bodies,
these corridors remain potential conduits for invasions.

Whit invasions have occurred in these waters? No summaries are available. Some invasions are
recognized however. Tabie 5-3 provides several examples (these species are also listed in Table 5-1, but here we
provide more detailed information). In Table 5-3 we list species introduced at the ocean-end of the river or bay
system by ballast water; not included are species that were initially introduced into inland waters and which have
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TABLE 5-3

EXAMPLES OF NONINDIGENOUS SPECIES INTRODUCED BY BALLAST WATER
INTO THE NATIONAL WATERWAY SYSTEM (OTHER THAN THE GRJZAT LAKES)

Suecies Introduced to (from)
Date first collected
and Remarks

IlvocrvDtus  apilis
Water flea

c u n e a t aRaneia
Wedge clam

Pseudodiautomus inopinus
Asian copepod

Sinocalanus doerrii
Chinese copepod

PseudodiaDtomus forbesi
Chinese copepod

Limnoithona sinensis
Chinese copepod

Potomac River (Europe)

Hudson River
(southern U.S.)

,.1..

Columbia River (Asia)

Sacramento River (China)

San Joaquin River (China)

San Joaquin River (China) 1979 (Ferrari and Orsi, 1984).

1974; nothing appears to be known
of the ecology of this species in
Chesapeake Bay (Williams, 1978;
Carl ton, 1985)

1988; can occur in dense beds and
may thus effect other infaunal
benthos (Carlton  1992b; R. Everett,
personal communication, 1992)

1990; has become one of the three
most abundant copepods  in the
Columbia River estuary (t&dell  et
al. 1992) .

1978; Meng and Orsi (1991) have
noted that the success of juvenile striped bass may
be negatively influenced by the invasion of this
copepod  and of p. forbesi  (below) which appear to
be displacing copepods  important as striped bass
food

1987; in 1988-89, this small
copepod  crustacean was the most abundant calanoid .
in the Suisun Bay and Delta of San Francisco Bay
(Orsi and Walter, 1991)
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s~bse~~ent~y  spread ~~~~ toward  the ~~~. The ~pepo~  Pse~dodia~tomus  furbesi, Si~oca~an~s doerrii, and
L~mno~thona  s~nens~s are bud only from or are abundant  in the Yangt~  River, China.Pr~umab~y  bandit
water from Shanghais  at the Yangt~e  mu~th,  is the suers  uf these ~pepo~.

Of further ~nter~t are ~deeper~  ~v~~u~ into the Inland  W~~e~~~  S~~~e~  ~~~S~  ~F~~re  5-2). A series
of recent, ~dependent  reads  when taken together~  scent that a wave of inv~io~, a~sing  from the soothes
U. S. ~~t~~ne  thruugh  the Port of New Ordeal, has been upping thru~gh  the IWS. abbe the zebia mussel
Dre~ssena ~o~~o~ha  promo  south, east, and west frum the Great Lakes, a number  of native Nu~h ~e~can
species appear to be pru~d~ng  no~hward.  ~mmercia~  barge traf~c and r~reatjuna~ ~p~eas~re~  traf~c may be
r~~~ib~e fur mediating  these inv~~u~*  but there appear to be no studies on the fulling or ballast biota
aviated with such vessels, with  the ex~pt~un  of US. my Curps of En~nee~  studies on bung-distant
dispe~a~ of zebra mussels by barges ~Ke~n et al., 1993). A thuruugh  study of IWS barge fobbing  and
ba~~~t~~~ge  urganis~  would be of e~raurd~na~  value at this time, as would an ~nde~tand~ng  of the changjng
size and rate of muvemen~ of barge tra~c over the past decade. In Table 5-4 we pru~de  example of sume of

_ these relatively  recent IWS inv~iu~.

E~PLES OF ICED I~ASIONS  BY NONINDI~~NO~S  SPECIES
~~~~~E IN~D WATERWAY ASPS

Species Year Recurds  ~So~r~~~eference

1985 Ohio River (Iuwer Missi~ippi  River,
Gulf of Me~cu~  Elw coast of North
redcap; Bu~an and Lewis, ~989~. s

~ro~h~~rn  lacustre 19~-1~ ~ennessee~  Missjssippi,  ~kansas-_ - -__

~e~cu~haeataM~~~upsis
(false mussel’5

f

1988
\ I

1992 in bhiu and Tennessee  Rivers (D.
MacNei~~~  D. Mare~~i,  perusal
cumm~nicat~uns~  19921.

A 1992 amendment tu 16 U,S.C.  4~~~~b~,  the Nun~ndigenu~  Asiatic N~~an~  Preventjun  and Control
Act of 1990, estab~ish~  reg~~atiuns  by 1994 fur the untrue of ballast water release on the H~~un  River north of
the ~eurge Wash~ngtun  Budge.  This is the only  e~ensjun of bandit  water reg~~at~uns  to the rest of the NWS
outside of the Great Lakes,
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Figure 5 - 2
The Inland Waterway System

(from Port of.New  Orleans 1991 Annual Directory)
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Chapter 5.

~~~A~S FOR CO~O~~ING ~OD~~~ONS OF
NON~NDIGENO~S  SPECIES TROUGH SHIPP~G

Scented  ~v~tjgatju~  on option fur ~ntru~~~g  of the release of nun~d~geno~s  species
by ballast water have itemized  since the Iate 1980s ~u~~~g  the d~#ve~ of the toxic
dinu~age~~ate  ~nodjnj~rn  catenat~m  in T~ma~a in 1986 and of the zebra mussel Dre~sena
~~~u~ha  in the Great Lakes in 1988, bike other ba~~t-m~iat~  ~v~~u~ preceded the-se
~tr~~ctiu~,  the ~nurnjc~  sucial,  and pu~~tj~~  impact of these new exuti~  precipitated the
met e~e~ive  anon to date relative to the ~tentia~  of ballast water and sed~en~ to lead to
more ~v~jo~  in the ~t~re- We discuss here the p~ncip~~  and ~n~pt~a~  appruach~ to ba!‘ast
management  and review the major control uptiu~  that have been propus~.

THE PHI~OSOP~  OF B~~§T  LAGERS

The ph~usuphy  of bandit  water and sedjment  management is similar to the basic
philosophy  of quarantine scie~~n  general: ballast management shuu~d  seek to prevent the
~ntrud~ct~un  of all urgan~sms,  ranging  from ba~te~a and ~~~ to algae, higher  plants,
~ve~ebrat~~  fish, and all other entrajned  life.

An implant curu~~a~ to this ph~~usuphy  is that ILO 01ze ~~ of ~~~~e is likely to
satin this management phi~usuphy.  It is nut apprup~ate to single  out one alternative as “the .
rn~t~ likely  or viable -- rather, a s~thetic  appruach~ ch~sjng  a number  of a~ternatjv~
s~rn~~taneu~~y  from a broad menu  of pussib~~jti~~  will ~ent~a~~y  rn~rn~ze the strength of ballast
management  We discuss this under ~Inte~ated BaHast  managements  ~~B~~  at the end of this
section.

~a~~~t management has been approached thru~gh  a varje~ of avenues  I-y A~tra~~~n
~~un~~  1991; Rigby  et al., 19931,  Canadian  ~Smjth  and Kerr, 1992),  Japanese ~~chikawa  et ai.,
19%) and U.S. ~Yu~nt,  1991)  wurke~. Each apprua~h serves to indenture  the ~rnp~e~~  of
achie~ng g~uba~  ballast management ~thin  the ~mjng  decades, but also helps  to Claris the
heterugeneu~s  nature of the issues ~acj~g  en~runmenta~~  ind~st~a~,  and guvernment  jnterests.
The e~ensive  and exponent  work of A~tra~ian s~ient~~  on bandit  water and sediments
beginning  in the 1971)s,  is parti~~~ar~y  to be noted here, in terms of ~tab~~hjng  many ~~~darnenta~
aspects of ~~ba~~~t  science” and in leading  the world ~rnrn~~~  in jnv~tigating control  uptiu~~

The voyage appruach is th;; p~rna~  meth~  used here zy whjch  I ~tegu~ze  the total



BOX 6-l
CONCEPTUAL APPROACHES TO BALLAST MANAGEMENT

The Philosophy of Ballast Management:
Ballast water and sediment management should seek
to prevent the introduction of all organisms, ranging
from bacteria and viruses to algae, higher plants,
invertebrates. fish, and all other entrained life.

VOYAGE APPROACH: VESSEL TRANSIT SEQUENCE
Control:

On or Before Departure

Based upon the principles:
Prevention of Organism
Uptake: do not ballast up
organisms that could
survive in the target
environment

.m.
V E S S E L  A P P R O A C H
Control for:

“Larger vessels”
“Smaller vessels”

Control for:
Existing Vessels
[No modification]
“Short Term Options”

ISDUSTRY  APPROACH

-- En Route --

Prevention of
Organism Survival

[ > 40,000 DWTJ
[ < 40,000 DWIJ

.

-- Retrof i t  Vessels  - - New Vessels
[Redesign and refit] [New design, new construction]
“Long Term Options” “Long Term Options”

On Arrival

Prevention of Organism
Release: do not release
organisms that could
survive in the target
environment

Control based upon level of change in Standard Operating Rocedures  (SOP)
No change to SOP -- Moderate change -- Extensive change

to SOP to SOP

Control based upon level of change that would alter the industry’s position in the global marketplace
No change in marketplace -- Moderate change -- Extensive change

in marketplace in marketplace

Control based upon level of vessel and human safety
Options unrelated to -- Options potentially --
safety issues related to safety

issues

Options clearly
related to safety
iSSUeS

ATMENT  APPROACH
Control based upon:

TYPE OF TREATMENT:
Biocuntrol, mechanical, and preventative options

LOCATION OF TREATMENT:
Exrrinsic:  Discharge to shore facility or reception vessel
Intrinsic: Actions taken aboard ship



“En busted from the Port of Ballast eater ~~~
~~tru~ w~e~ the vessel  is ~a~~~t~  is based upun  the pr~~~jp~e  of preve~tiu~  of
urga~~~ su~va~~ that is, urga~~~  e~e~i~atiu~  (also known  as ~iu~ugi~a~
ste~~i~atiu~~  of the water, a~d~ur  active ~~~a~~~  re~uva~,  by ex~~a~ge~.  untrue
uptiu~ in this category  can cc .-ience :htely upon  departure  or at any pui~t
~~de~a~~  but befurc  arrival B x desr :: port.

“On ArrivaI”  at the Baht  ~~~~arge ~~~ti~at~u~ rb
untrue  at the purt-uf-d~s~~arge,  or the anivai port (ah known  as the Port of CaII
EPOCH or Present Port of Call ~PPUC~~~  is ~~dertake~  when the i~te~tiu~  of the
vessel  is to dis~~~ge  sume or all its ballast water. This  stage is based upon the
p~~~ip~e  of p~eve~tiu~  of urga~~~  release -- that is, no urga~~s~s  are djs~~arged
that cuuld  shave in the target e~~ru~~e~t.  This de~~itiu~  of p~~~~p~e  perish
the transpu~ and reiease  of urga~is~  that are cadged  by the s~~e~ti~~  &u~~~~i~
to be i~&apab~e  of ~i~~g in the target e~~ru~~e~t.

Pr~e~tju~  or ~i~i~i~tiuR of the intake of urga~is~s  during  ~uad~~g uf ballast
water.
~e~uva~ of urga~~, ‘-F prior to djs&~arge  of ballast water and sediment.
~~~-dis~~arge  ui .,;st water and sediment.
~~-s~ure  treating L’ bandit  water and sediment-

The vessel apprua~~ fugue upon (a) the size of the vessel  and/or  (b) the disti~~tiu~
between vessels as they now exist, e~sti~g  vessels as they digit  be altered or re~~str~~ted,  and
vessels to be ~~t~&t~d  in the future.

~~tra~ia~  wurk ~~u~~~  IQQj)  has jde~ti~~  a general di~iu~ be~ee~  mailer  vessels
more likely tu be able to exchan -he upm Utah and larger  vessels  less !Ikely to be able tu
du so, This di~iu~  ~~~ at ve. .f app: .~~~ate~~  ~~~ DWT, ~~e~~~~~~dj~g  tu the ~,~
DWI’ average size of bulk  carrie: rent&  j? uperatju~  tra~s~rtj~g  w~d~~~~s  ~~~,~  to
~~~ retrim tons  of ~argu~  from . Paging  Rim ~~~tra~ja~ Cana!a, the exited stats, Tahiti,
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TABLE 6 - 1

CONTROL OF THE UPTAKE AND RELEASE OF AQUATIC ORGANISMS
BY BALLAST WATER AND SEDIMENT: OPTIONS AND ALTERNATIVES

(in order of Vessel Transit Sequence)

I ON OR BEFORE DEPARTURE FROM PORT-OF-BALLAST WATER ORIGIN
Water Suuulv:  Uptake
1. Specialized Shore Facility Provides Treated Salt or Fresh Water
2. Port Provides City Fresh Water
Prevention of Oreanism Intake: Ballastinn Micromanaeement
3. Site: Do Not Ballast in “Global Hot Spots”
4. Site: Do Not Ballast Water with High Sediment Loads
5. Site: Do Not Ballast Water in Areas of Sewage Discharge

or Known Disease Incidences
6. Site/Time: Do Not Ballast at Certain Sites at Certain Times of Year
7. Site/Time: Do Not Ballast at Night
Prevention of Oreanism Intake: Mechanical

8 . Filtration
Extermination of Oreatisms Unon  Ballastine (Ballast Treatment]
9. Mechanical Agitation

Ft.
Water Velocity
Water Agitation Mechanisms

10. Altering Water Salinity

::
Add Fresh Water to Salt Water
Add Salt Water to Fresh Water

11. Optitiril:  UltZ?blet  Treatment
12. Acoustics (Sonic): Ultrasonics Treatment

II ON DEPARTURE AND/OR WHILE UNDERWAY (EN ROUTE)
Extermination of Organisms After Ballasting
(while at Port-of-Origin or while undenvay,  but before arrival at destination port)
Active Disinfection (Ballast Treatment\
13. Tank Wall Coatings
14. Chemical B&ides
15. Ozonation
16. Thermal Treatment
17. Electrical Treatment (including microwaves)
18. Oxygen Deprivation
19. Filtration/Ultraviolet/Ultrasonics Underway
20. Altering Water Salinity: Partial Exchange

6 Passive Disinfection:
21. Increase Length of Voyage
22. Exchange (Deballast/Reballast)
23. Sediment Removal and at Sea Disposal
Deballastine Only
24. Deballast/No  Reballasting
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25. ~change  or Deba~~~t

Iv ON ARCS AT Baby D~~~~~R~E DE~~~AT~U~ PORT
~dter Suoolv:  Discharge
26. Shore ~aci~~~  Receives Treated and Untreated Water
Prevention of Discharge  to -untrod.I
27. D~charge to Existi: ; Sewa~ atment F-L&ties
28. D~charge to Rece  :i:,~ Ves:.
29 Sediment Removal j Onsh; ~3ispos~~
30. *-lions 8 ,  II, 1 4 )In situ ~e~inatj~~~  of Org~~~~~~  Upo::  ~~rjva~ (
eon-Discharge
31. ~On-D~schar~e,~  Ballast Water

V ~TU~T~S~EX~~~EWATER
32. Vessel Retu~ to Sea and Undertake ~change
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and elsewhere) to Japan. The effect of ballast exchange on vessels, in terms of structural issues, is
addressed at option (22) below.

A second practical categorization of ballast management centers upon the probable
implementation of control strategies relative to &ting vessels,  retrofir vessels, or new ves.reLr.  No
structural modifications of any significance would be necessary to implement control strategies for
existing vessels; in essence, these are shoti  term options. Structural modifications (redesign and
refitting), some requiring vessel time in the yard, but others capable of being done while the
vessel is underway, would be necessary to implement other control strategies; these are long tern
options. Finally, new vessel design remains one of the most significant promising directions for
ballast management into the 21st century. We do not identify “new vessel design” as a control
option per se, as new vessel construction is not a strategy in and of itself -- it “only” takes
advantage of incorporating ballast management options (as these may become available) in terms
of integral vessel engineering rather than retrofitting. While possible new designs may minimize
the total quantity of ballast water needed and/or minimize the need to change ballast condition,
control methods will still be required for the ballast water that is carried.

Industry Approach

The industry approach’%‘based  upon (a) economics and (b) vessel and human safety. In
turn, the economic approach is based upon (i) fundamental changes in standard operating
procedure and (ii) cost-effective options that would not alter the industry’s position in the global
market place. We provide a general overview of the “Cost of Change” relative to the economics
of ballast management in Box 6-2.

.
Under the approach of viewing control options based upon the level of change in

Standard Operating Procedure (SOP) there are three general possibilities: no change in SOP, a
moderate change in SOP, and an extensive change in SOP. A long-term and certain industry
direction in shipping has been to reduce crew size rather than expand it. Streamlining,
simplifying, automizing and computerizing shipboard procedures has lead and will continue to lead
to fewer crew being required, even aboard the largest vessels. Adding ballast water management
to the ship’s operational protocols may mean at one extreme the addirion  of at least one
additional crew member.

Quantitj4ng  “SOP change” is difficult. Discussions with industry personnel identify a desire
to minimize the implementation of permanent new operating procedures aboard vessels in favor
of the one-time, immediately higher capital cost of vessel retrofit for the installation of biocidal
technology. “Change” is thus measured in terms of the investment of time and money into crew
training and the subsequent time (hours/week) devoted to on-line, continual, ballast management.
A moderate change in SOP would be minimal crew devotion; an extensive change in SOP would
be extended crew time or new crew devoted to ballast management. Because of the variables
involved (including most of the 21 variables listed in Box 6-2), no further elaboration of SOP
change is possible at this time.

Related to changes in SOP would be more extended economic costs which would
potentially alter the shipping industry’s position in the global marketplace as cost-effective
transporters of commercial products. Ballast management procedures and/or technologies could
lead to increased shipping costs which could translate into increased costs of transported cargoes.
Depending on vessel type, certain control options could lead to “down-time” in terms of cargo
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BOX 6-2

Pre~o~ work in Canada, A~tra~ia~ and the united States has attempted to dete~ine &xact
costs  for ballast water management option and ~ntro~. We review some of these potentja~
costs at the appropriate section. ‘17te o~~ ~~~~~~ op~~ m ~~~ in
I& on&r- ~~~~~~  fo ~~~~~~~  ~~~ ~th~e range from ~ntinuing  operatjon costs to
one-tie  refits for b~ocida~ technology. We have not attempted to ident~~  fugi exact costs
for any controt  opt~on~  due to the vast va~at~un  in the world  merchant fleet,  which  wuuld
make ~t~rnat~ unrentable  and ~nrea~~t~c,  and therefore ~tent~a~~y n+ z--ding. Suet- ~~rnat~
have in the past been based upon  -Ye unapt *-I’ .r ~average vulu: LHast  w ;tt the
“as r rage ship,” but the eating  r : of vessel : .:Ges and types c cry miti; zgsinst
su- .: generalization  when they ised for co ~?mat~. It is m, -;caI to  L. zrstand
the 2ature and range of the va J involved. .cse  ~~~~de:

1.
2.
3.
4.
5.
6.
7.
8.
9.
Id
Il.
12.

13.
14.
15.

Vessel type
Yessel  size veil bandit  water capaci~ veil refit costs
Vessel age veil refit practicabi~~~
Vessel speed
Dive~i~ and va~abi~i~  of bandit  tanks
Djversi~ and va~abi~i~  of holds  used for ballast water
D~ve~~~ and var~ab~~i~  of ballast pump capacj~
Ballast  pump age and e~cjen~

.

Costs  of shipyard service in dom~tic  versus furejgn  shjpyards
Costs of crew training for bandit  management
Costs uf e~ectr~cj~  fur bandit  pumps
Costs of crc I: time, crew -?tigue,  and~or  additjona~  crew, relative to
freq~~en~  :: n e e d  t o ‘oy ballast management ~freq~e~~ of
exchange, u~.~~dirnent  m: ~ment,  of use uf #high techno~o~~~  once
a vessel is retro~tted: all Be-se (and others phenomena will  vary by
vessel type, size, cornrner~~~~ trade rout~,.etc.~
Admjnistratjve  and record keepjng  costs aboard vessel
Admin~tratjve  and record keeping  costs  in shur~ide company u~ces
~~~ctjun,  munitu~ng,  and admin~trat~ve  cos ts  to  gove~ment
monitu~ng  agencj~
Initial equjpment  costs  (for ~~tratiun~  UV9 etc., equjpment~
Majntenan~ costs  fur ba~~~t  ~ntro~ equjpment
~ujpment  lifetime
Chan~g  costs  of t~hno~o~  with costs to be determined based upon
pro~~t~  dollar values five years from the study date
Costs of delays in port arrivals and departure and delays in cargo
hand~~ng
The tra~~at~una~  costs of the above to the ~ncre~ed  costs of sh~ppjng
overall and thus the peed-on  jncre~ed  costs  of raw materials



loading or discharge; other control options, under the full weight of quarantine management,
could lead to some vessels being unable to complete their ballast leg or cargo leg because of an
inability to leave or alter .a Restricted or Prohibited quarantine status (see “Integrated Ballast
Management,” below).

All countries considering ballast management and involved in extended IMO discussions
over the past five years have recognized the importance of the fundamental issues of human and
vessel safety. While a simple dichotomy between “safe” and “unsafe” control options is usually not
possible, several options are far less promising or appealing because of safety issues, even if they
would be biologically effective. These are discussed at the appropriate options.

Treatment Approach
Control options may be grouped by one or more methods of treatment, either by type

(biocidal, mechanical, and preventative) or by location. Extrinsic  treatment options are those
involving a shore facility or lighter vessel; intiic  treatment options refer to actions taken aboard
the ship.

Taken in a holistic framework, we review at the end of this chapter all of these
approaches and further group all options as either more likely to be pursued (and pursuable) or
less likely to be pursued.

Options Not Listed in Table 6-1

l Do Not Use Ballast .
The use of ballast is a sufficiently integral part of the vessel that it is unlikely to be

“designed out” in general for ships of the future (L. Martinez, personal communication, 1992).

l Minimize Need
Changes in cargo type, availability, and loading practices to maximize the vessel’s cargo

load can theoretically minimize the need for ballast water. Localized, cargo-specific cooperative
efforts in this regard are conceivable, but are unlikely to lead to national or international
initiatives at this time.

l Certification of “Nonindigenous Species-Free” Status
This concept is discussed at length in Box 6-3.

l New Vessel Design
As discussed above, new vessel design takes advantage of other identified options rather

than being an option in and of itself.

l Ballast Tax
A tax on ballast water, prorated by arrival volume, and perhaps with deduction allowances

based on exchange volumes, could raise revenue to permit control option studies and
implementation programs. Revenue generation is not, however, a ballast water alternative in
terms of biological control per se.

l Desiccation
Fouling organisms may settle on the inside of ballast tanks and holds. The only known



ubse~at~ons  are the settlement -f bamac~~  ~Ba~an~ sp.) and ~ampanu~a~id  hydrous on the
wal& of ballasted  cargo holds .~odchip  bulk carriers ~Car~ton  and Geller,  1993). These
urganjs~ would  have been ba ed as meruplankton  ~that is, in their planktonic IarvaI stages -
na~p~ji  and~ur  ~~~ for the L nacles,  and p~anulae and~ur  medusae for the hydroi~~,  settled,
and bud sometime ~thin  the 13 days be~een  ba~~ting in Japan and arrival in Uregun*  upon
arrival at the d~charge port, the water is a~tomatica~ly  debal~~t~  as part of standard operating
pr~dur~~  e~usjng  the urganis~  to air and thus death t~o~gh d~i~atiun  (as weII as i
mechanjca~  abr~jun through cargo loadjng~.  This phenomenon is su~cjentl~ unique, and control
is an autumat~c  result of a standard s~pboard  pro~d~re, that we do not list it in Table 6-L

The jnd~ctiun  of supe~aturatiun  of atmusphe~c  gases ~such  as nitrugen~  in the ballast
water stream (by ping  venter or other s~tems~  to form gas bubbly  that might be taken into an
entrajned organ~m’s  tissue and blood (in urder to endue “the bend:. ‘5 not hsted  in Table 6-f.
The fu~atjon  of gas bubbly  in an entrained  organism depend in : part not  \:n the
sat~ratiun  but on thepress~~e  levee  ;-nti &~.~~g~~  achj~~.  As such vu~ume  of Waters  the
high flow rates, and the very short time  (sc bones that the water w:’ e subjected  to saturatjun;
and the absence of suf~cjent  pressure gradj~~~~  make this an unhkc stion.

A number of jnv~tjgatu~  have jdentj~ed  and listed a series of ~c~te~a”  by whjch
potentja~  control rne~ur~  could be studded,  evaluated and ana~~ed,  These include  but are not
~jrn~ted  to the fo~lu~ng~  under some of these we hst other crjte~a which are at times elevated  to
separate measure:

l

.
Human Safes
Vessel Safety
costs
Bjo~ogjca~  E~ectjven~s  ~Ef~ca~~  in Remu~ng or KiI!Sng  organisms

~sometjrn~  listed  under ~practjca~j~~~  desc :tieS by Hutch~ng~  ~~~2~  ah “the
e~cien~  of e~iminat~on~~*

Shjpboard  ~peratjunal  ~echnical~ Reali~: Feasi:  .::titi and Practicabj~jti~
jnclud~ need fur ph~jcal ~st~ctural~  chaI?g~  aboard vessels, sjrnp~jcj~  of
approach, ballast s~tem acc~sibilj~~  and maintenan~ of treatment equjpment
~~perational Realj~ is sometime  listed under ffpractica~i~ff~

Pust-~mplementatiun  Munjtoring  and ~~rnent
En~runmenta~  ~rnpac~  ~A~ptabj~j~~

jnc~ud~  over~ard dispusa~  of chemica~s~  heated Waters and so forth, and djsposa~
uf filtrates, sediments and other mate~a~ generate by various treatment

We docks these (and on Cajun mure mjnor  c~te~a~  as apprup~ate  in the uptiu~
below. Because so little is known -- in qualitative, quantitatjve~  or e~e~mental  terms -- for must
of the a~temat~v~  disc~ed here, strict quantjtatjve  ran~n~  ~weighted  ~a~~at~u~~  of ~ntr~?~
a~tematjv~ based upon these criteria  are of little  value at this time in pru~djng management
djrectju~~
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BOX 6-3

ON “BIOLOGICAL CERTIFICATION” AS A CONTROL OPTION

Formal certification of ballast as “free” of a target species has been proposed fur ballast management
(e.g., IMO/‘MEPC  Resolution 50/31 (19!41),  section 73.16). Certification could take several forms,
of which the following are examples:

(a) Certification that the site at which ballast was taken up was free of a given species.

w Certification that the water and sediments as actually ballasted by a given vessel at a given
site are free of a given species. .-

cc> Certification that the site was not at or within a given distance of a sewage outfall. ’

id) Certification that the ballast site was not the location of a current human disease outbrenk
(such as cholera). .=.

w Certification that the ballast site was not a site of active dredging.

We have not identified certification as a separate option because it interfaces and overlaps with a
broad variety of control possibilities, especially relative to ballast micromanagement. In addiG&.  a
number of critical problems are attendant upon certification programs. These include:

(1) Certification that the vessel’s ballast water originated from a region “free” of a given taxon
(such as toxic dinoflagellates) would require the establishment in the donor country of 3
rigorous scientific program. As discussed elsewhere, analysis of one or two water or mud
samples (secured by ship personnel, port authorities, or others) and submitted to an analytical
laboratory would be unacceptable as the basis of certification (in the same sense that a single
sample of ballast tank sediments in an arriving ship would be unacceptable). A minimum
number of replicated samples (usually three or more), collected with the proper equipment,
and representing a variety of sites and bottom types would be required at all of the country’s
international departure ports. A permanent program of monthly sampling would be required
to establish the continued absence of target species (which could be introduced by inbound
ships at any time). Resident taxonomic expertise would be required to identify dinoflagellatc
cysts, other phytuplankton, and a potentially wide variety of other organisms of actual or
potential concern, taxonomic expertise absent in most countries and declining in those
countries with such expertise at this time. In essence, dedicated certification labs and full-
time certification teams would be required.

(3 Certification in the above senses is pofentiaIiy counter to the found&ion philosophy of bollnst
mnnngemenr,  which as defined here, is Lo seek to control all potential biological invasions.
ranging from bacteria and viruses to plants and animals. Thus, the possible absence of any
one taxon (species), or a few pre-identified species of concern, in arriving ballast does not
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CONTROL OF THE UPTAKE AND RELEASE OF AQUATIC ORGANISMS BY BALLAST
WATER AND SEDIMENT: OPTIONS AND ALTERNATIVES

(in order of Vessel Transit Sequence)

I ON OR BEFORE DEPARTURE FROM PORT-OF-ORIGIN

1. Specialized Shore Facility Provides Treated Salt or Fresh Water

This technologically simple and appealing option invokes the use of pre-treated fresh or
salt water which would be supplied on demand to vessels in port, The same facilities would be
prepared to receive untreated water, and either treat the water for resupply as sterilized water or
sterilize the received water and dispose of it (option 26). Essentially, this option would require an
industrial infrastructure potentially costing hundreds of millions of dollars that does nut currently
exist: a ballast water treatment industry, including tank farms with advanced water sterilization
facilities, 3 network of underground hard piping to feed to piers throughout the harbor, or
separate parent facilities throughout large port systems such as Chesapeake Bay ur San Francisco
Bay, thousands of trained personnel employed nationally, and interfacing equipment aboard
vessels of al! nations tu receive such water. A daunting administrative framework would be
required to support such an industry. The comparatively few ballast facilities now treating tanker
“oily ballast” can only be minimilly  compared to a ballast water supply and treatment industry on a
national scale.

We conclude this is nut an option to be immediately pursued. Ironically, the routs of this
concept are found in an industry that did in large part operate successfully fur many years, but
when there were far fewer, smaller vessels moving at slower speeds. In the 19th and earlier .
centuries, large ports had ballastmasters who oversaw the uptake and disposal of solid (rock, sand,
etc.) ballast, and in countries throughout the world ships would purchase ballast sand and rock
accordingly.

2. Port Provides City Fresh Water

This  option is distinguished from Option 1 because it requires no specialized shore facility.
Under this option, a vessel would ballast using city fresh water. Direct hook-up dockside (to city
water mains, through fire hydrants or other standard procedures) or water made available by
lighter would be two boarding options. The clear advantage of this option is that city fresh water
should be, with the exception of some bacteria, essentially abiotic  (and with the further exception
of rare cases where city water filtration systems fail and permit even macroscopic organisms to
come through).

A vessel (a RoRo,  U. S. flag, DWT 18202 MT, BWCAP 6164 MT) was boarded in
Anchorage which was in the practice of obtaining small amounts of fresh water as ballast from the
two cities it served, Tacoma WA and Anchorage AK. Ballast was taken on by city water pressure
(requiring 6-7 hours in Tacoma and l-2 hours in Anchorage, fur a little uver  15OMT  (about
40$00 gallons)). Salt water ballast was never used aboard this vessel. The Port of Anchorage
supplied 30 meters (100 feet) of 6 cm (25inch)  diameter fire hose with standard fire hose
couplings (and two one-way valves to prevent backflow).  In 1992 the hook-up  charge is included
in the $35 fee for the first 1,000 gallons; additional water is charged at $1.98 per 1000 gallons
(taking on 1000 MT (264,ooO  gallonsjwuuld therefore cost about $554). Each additional 1000
MT would cost about $523.

131



This optiun  wo~!d  appear to be pa~i~ularly useful for vessels  on defined regional routes
se~ng a few cities, where spe&i~~  a~angemen~  could  be made with the port autho~ti~  involved=
Fur many vesse!s,  huw~er~  ba!!~t water is r~uir~  under a vanes of ~ir~~rnsran~~  at sea when
no ~~hwater  suers  are avai!ab!e.  In addition, cities in arid recur, or under druught
~unditio~~  wuu!d be un!ike!y to be able to regu!ar!~ su~~!~  the vulum~  of ba!!~t water to be
r~uired~

Pr~entiun  of Organism  Intake: Ba!!astin~ ~i~rumana~ement

Putentia!!y  e~~t~e  technique to reduce the prubab~i~ of uptake and subsequent
d~&harge  of chain exotic species neither  splint  species or genera! ~ategu~~,  such as
dinu~age!!at~~  are those invu!~ng  ba!!~ti~~  ~i~rumanageme~t  in time and space. tether
these are ~simp!e~  t~hniqu~  ur not depe- rhe abi’ “ the vessel to ba!!as; -it  an a!te~ate
time or site -~thuut  si~i~~ant  new custs, of th : ing -- uptiu~ 3 t?lr ovgb 7 --
ba~~ting  n~i~rumanagement  dues nut  redl: xed .ange  of water or Irx the use of
other evectua! technique  ~su~h  as rni&ru~!~~ .). Ba ~~i~rumanagemen~  en~an~  the
prubabi~~ of nut boarding ~rtain species or ~.,es of sF-.  -et adding to the uvera!! ef~~a~ of
ballast control.

.pc-
3. Do Not Ba~I~~t  in ‘GI~~~I  Hot Spots”

The foundatiun  of a G~~~aI  Hat Spot Pact ~G~F~  has been implemented in buth
A~tra!ian guidelines and in inte~atiuna!  guide!in~ set forth by the bus Paine En~ronment
Prute~~iun  ~mmittee  ~~EP~~ R~u!~tiun  5~~31~ [1991],  se~tiuns  5.7 and 6.1. .

IMO ~ide!in~  urge vessel  rn~te~  to avoid ba!!asting in regiu~  bud to ~ntain  “local
outbreak of infe~tiu~  diseases ur water-ale urgan~~,n or !cnuwn  fur “the e~sten~  of
prublem  species, in~!uding  !uca! uutbrea~  of ph~uplanktun b!~~.# and to undertake ba!!~t
pr~~ti~~  rhat wuuld  minimize thy ~jptake  of “the cysts of unwanted  aquatic  UT :ms and
pa~hoge~.‘~  Se~tiun  6.1 of the 13 ‘r‘z R~u!utiun  ~u~~!u~es  by ~rnp~~i~ing  tt, .eas where
there is a Imown  outbreak of dis. 1s:~~  ~urnrn~ni~ab~~  thr~~~gh ba!!Aat water, ,,hich
ph~up!ankton  bfoums are o~u~~~~g,  should be avoided ~her~er pra~ti~ab!e ~uur~ of
ba!!~t=~  ~a!!egrae~ and Bulch  ~1~~ fu~her  identi~ the need to avoid ba!!~~~ng du~ng toxic
ph~up!anktun  b!uu~.

These steps are fundamental and usefu!,  but have the danger of pru~ding a sense tu the
mariner and the rest of the shipping ~mrnuni~  that water “free” of these urgan~~  is re!ative!y
“safer” or LIMO R~olutiun 50~31~:6~1~  Wean.” As disgust in Box 6-3, fundamental ba!!~t
management phi!usuphy  argue fur the ~tentia!  ~ntru! of the impurtatiun  and release of a!!
Iiving  urganisms.

T&e #~!ubal  Hot Spot Prugram~  pru~sed here is a nun-~~i~~atiun  prugram*  The
Pru~am~s  purpose is tu pru~de  E: :dvisury  ne~urk  that would  petit  the inte~atiuna! shipp~g
~mmuni~  to be made -are of ris where ta~ng ba!!~t water up was ncr added. The goal
of the GHP wuu!d be ,@iiz:: xpand the size of the ne~urk  and the species of anon
uver the !~rnit~  versic this c :$ whj~h  is nut fu~a!~ as an urgani~d Pru~am, by the
IMO in its inte~atiun:. :Ide!ir
nuti~ the IMO “of any l&a! uutt

ba!!~t management. ~t~un  5.7 asks ~~rnber States to
;s of inf~tiu~ diseases or water-bu~e urganis~, that have
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been identified as a cause of concern to health and environmental authorities in other countries.”
IMO would then relay this information to a!! Member States and tu nun-governmental
organizations, such as national shipping federations and agent associations. The end of Section
5.7 includes “local outbreaks of phytoplanktun  blooms” in the notification pathway.

The GHP differs from the IMO program in (1) being a global advisory network, to include
non-Member States of IMO, and (2) expanding the concern for prohibited areas to ecologically
significant species (definitions would need to be established) as we!! as species implicated in
human health concerns (such as infectious diseases or toxic phytuplankton  blooms).

The GHP would consist of a cooperative nehuork  of maritime, human health, and marine
environmental organizations. These organizations would include the IMO, the International
Chamber of Shipping (KS), the UN Food and Agriculttiral  Organization (FAO) and the World
Health Organization (WHO), the Pan American Health Organization (PAHO), and the
International Council C3r the Exploration of the Sea (ICES) and its new Pacific counterpart
(PICES). Three central offices could be established: Eurasia-Africa, Indian Ocean-Indo  Pacific-
Australasia, and the Americas. IMO and non-IMO states would provide to the network data,
derived from their national phytoplankton  and health authorities, on harmful alga! blooms (HAB)
and derivatives toxic to humans,,/nc!uding  paralytic shellfish poison (PSP), diarrhetic shellfsh
poison (DSP), amnesic shellfish poison (ASP), and neurological shellfish poison (NSP). States
would also provide to the GHP information on unusual abundances of a!! other species (examples
are given in Table 6-2), based upon data derived from their national marine biological and
ecological authorities.

Initial mechanisms for a GHP network are in place. The Intergovernmental .
Oceanographic Commission (IOC) of the United Nations Educational, Scientific, and Cultural
Organization (UNESCO) initiated an international “Harmful Alga! News” newsletter in February
1992. focusing on toxic algae and alga! blooms. A “Red Tide Newsletter” has been available since
1987. A revised “International Directory of Experts in Toxic and Harmful Alga! Blooms and their
Impact on Fisheries and Public Health” is in preparation by NOAA/NMFS  (Harmful  Algal  News,
1:4). Precedents for international advisories also exist: a well-known example is Norway’s 1988
alert (issued through the ICS) about the presence of a harmful alga in their waters (Figure 6-l).

Problems associated with the establishment of a GHP include the current lack of
monitoring programs or technical experts in many states. International mandates, as through
FAO, WHO, or ICES, may aid in the political arena as arguments for the need to establish such
programs where they do not exist. Additional problems include the inevitable lack of agreement
as to what would constitute a species of “ecological concern” to be reported to the GHP. While a
conservative approach would be to report a!! increases in abundance of any local species, this
approach is unlikely to encourage reporting by cooperating countries. It is important to
emphasize that the existence of a GHP does not imply that such a network would prevent the
introduction of nonindigenous species, nor does it imply that identifying newly abundant fouling,
benthic, planktonic, or other species suggests that these are more likely tu invade than
“background” species in the same communities (thus, while there are reports of the notable
increase of the Japanese clam Theora lubrica  in the Inland Sea of Japan -- followed by its
appearance in San Francisco Bay where a large amount of water from that region is released
(Carlton, 1992b) -- there are no reports of the increase in abundance of the clam Potamocorbula
amurensis in Asia prior to its appearance in San Francisco Bay -- nor, indeed, may it have become
more abundant than usual.
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Rus .; Black E

Muon Jely
Aurelia  ~au~ta~- -
~~apan?~

Cal~fum~a:  San Frankly Bay N. ~reenberg~  pe~ona!
a-.. ~mmun~~atiun,  1992

Tube-Bu~!d~ng  behind
Coronhium  ~u~sn~nurn
(Black and Caspian Seas)

Nether!an~ and pecans:  Rhine
River

Toxic Trup~ca! Seaweed
Caulema t~fo!~a

Nurthw~tem Medite~anean Sea

(Red Sea and suuthem Waters

Suuthem New England

Spiny  Water F!ea Great Lakes
B~hutre~h~  ~ed~~troemi
~Eurupe~

Zebra Mu~e!s Great Lakes
Drei~~na ~~!~umha  and
Dreissena  sp-
~Euru~e~

van den Brink et a!., 1391

l

Meinesz and Hesse,  1991

Herein: see Table 3-3

Mi!~ et a!-, 1993

Nale~a  and S~h!u~ser*  1992

Mi!~ et a!., 1993
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Figure 6 - 1

l&X !Z. MARY U&LONDON  ECA 8R

ICS/53/3
to: ALL ICS .!J&RS

Dear Sir,

1st Suna  1988
IcS(88134

DISC?EMCt O? aALL%n VAffR tOMED  IBl ALGAC
(CSRYSOCEROWJLIXA PoLnPIS) IbTPLSTtD  YATZR

,I.-__ ..-.-..m. . . ..__.-.._ ..- ..,._.’
Tha Seratariac has bean fnforrmd  by t h e  Norvegfan

Shfpownors'
\ Assoeiacton  t h a t  a n  algaa  bolt,  which i s  higNy

dangerour  to a11 oCh@:  marina life, h a s  intested  thi vatars OC
the Kattrgat  a n d  Skagerrak, and is rxtrnding  along the Hotwegian
coast up to Haugorund.

I t  i s  understood  that  tlm prasmt  eco log ica l  and  clfnleic
conditfons  arm vary favourable  to the growth  OF t h e  algae, *and
that tha high concentration of algae fn the -tar is prsswtfng a
‘most serious throat to m&rim  IiCm, including  the dish faming
fndustry  in the area.
problem as

Press roportr  .wa avan retarring to tha
‘another Chernobyl’

As a precaution against spreading the infortation,  tha
Norwegian  Stat. P o l l u t i o n  Cont:oL huthoritfas  h a v e  recoamndcd
that rS1 ships which take on vrtor ball&St  inside the infested
waters should only dirchatga  OL ehanqe such ballast  uhan in th8

.  vpiu ama vhara tha condi t ions  are unlikely  to 54 LavoGrab:r  5c
t h e  s u r v i v a l  of the alga.. his  precaution  will thur  contr ibute
considerably  tovardr  prmvonting  the spread of algae to unintmrtrd
waters, l stuarier and harbours.

that* i s  no  doubt  about  the potent ia l ly  sorfous ccmsaquone*S
of this problem and mombar associations are raquestrd  to dr8w the
torrgoing  to eho l ttantion OC any members  whore vrrsolr  may tada
to Northern Europe as l l attar’or urgency.

Yours  fa i th fu l l y ,

J.C.S.  Rottockr
Secrreary  Crn*r*L
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~~e~~~~~,  GHP would  ilz4 all a~t~u~t~~  at ~ur~-uf-&a~~  to be aware of u~gu~~g
bju~u~~a~  events at an ~n~re~der
~a~~~t  ~a~ag~~ent ~~~~~~  A GE

de of ~~~~n~~at~un.  GHP is anut~er step in integrated
~ugra~ in place would  ~~k~~~  have prevents the

tra~~urtat~u~ of ~~u~era  ~~~ fr Suits Persia to rubble Bay, cabana;  it may have
oriented  the ~trud~~t~un  uf zebr; zmssels  to the Great Lakes ~w~use  ~ntr~~~t~un  would  have
been prevented by open Ocean bandit  water ex~~a~ge~~  and it ~a~ prevent the future ~ntrud~~t~un
of ~ru~~~~~  ~~~su~n~~ by abrasive  management  of the ~uve~ent  of Rhine River water?
~~~~ar~~~  a GHP would serve to advise all ~~nt~~  of the ~rub~~~ of ~~~urt~ng  ballast  water tu
their ~~nt~~  from the Great Lakes,

This u~t~un  is a ~ru~~a~ of u~t~un  (I-Z), but dues nut ~dent~~  s~~~~c  urgan~s~s of ~un~ern
nor s~e~~~~  reg~uns.  As such, reglue  uf high  sed~ent  loads (due to braver ~s~t~u~*  stur~
snubs dredging  a~t~t~~.: CQ.) wu~~d  nut  be refused  stern the GZ Y ~a~u~~~~.  “Z~X3  and
A~tra~~a~ g~~de~~n~  cuz:ain s~~j~ar  advice. As d~sc~sed  earlier, scme  vesse!s  al: -ady  ~~d~~ake
sediment  management  ~rugra~s fur recuts independent  of the ~r~~~nt~un  cf the qtake and
release af nun~nd~genu~  species, and a mure  jnd~t~-~de  a~~~j~at~u~  of these ~~~~ed~r~  is a
~jg~-~ru~~e  and ~~~~ab~e  ballast ~anage~ent  u~t~un.

A s~gg~tju~  (G. R~an~~~una~ ~~~u~j~atju~,  1992) that an att~~~t  be made to take
an ba~~~t  ~jg~er  in the water ~~u~n, or even at the s~~a~, to ~jnj~~~  s~~~nded s~dj~~nt
~~~ke~  may be a~~~j~ab~e  to those vessels that have, or could  be refit to have, high s~~~~un  bays.
The  heftiness  of this  a~~rua~~  wuuId  depend  upon the s~e~j~~  sites jnvu~ved  and the
stratj~~at~un  in the water ~~~~n of the sediment  loads. This infect ~a~ also be a~~~~~ab~e  tu
red~~jng  the intake of urganjs~s found lower in the water ~~~~n ~a~t~u~g~,  ~nve~e~~, it cuuldm
~&~~~~~  the uptake of urganjs~ fuund  in the high water ~~~~n~.

This  u~tjun  requires vesseb  to ~tab~~~  the ~r~en&e  of disease u~tbrea~  and their
~rux~~~~  to untreated ur treated water being discharged  from  sewage treatment plants, and act
a~~urd~ng~~ re~atjve to ballast water uptake- Of ~art~~~~ar  annex is the ~utentja~  trans~u~ of
clean  ~at~ugens-  Twu  batter are of anon here:

The ~~~~~ ~~~~~~~~~r: The plant  may be ~rj~a~~  se~unda~, ur te~~a~~ with
~n~re~jng  or decreasing  ~de~endjng  upon  the u~eratjun~  water ~~a~j~*  In cities
with raw sewage d~~~arge~  the uptake of bandit  water wu~~d  be strung~~
~untrajnd~~at~.

We have ub: ..d bailas rer taken aboard a research vessel in St. ME



Newfoundland, approximately’100 meters down current from a sewage treatment facility (J. T.
Carlton,  personal observation). This water had dense numbers of capitellid pulychaete (worm)
larvae, which were, in turn, ballasted into the ship. Capitellid worms (particularly species in the
genus Capitella)are often strongly associated with enriched organic sites.

6. Do Not Ballast at Certain Sites at Certain Times of the Year

This option is inspired by the comment, “use of water on seasonal basis only when toxic
blooms  nut present,” by Rigby et al. (1993). While the specific nature of this option may be less
effective (dinoflagellate cysts would be present in resuspended sediments even when blooms are
nut), we find the philosophy of this approach to be sufficiently distinct from Global Hot Spots
(which may be short term phenomena nut necessarily related to season) to warrant a separate
option category.

Many species reproduce at restricted times of the year, producing planktonic larvae which
are in peak densities in certain months (although these months may vary depending upon
environmental conditions). Thus, fur example, zebra mussel larvae may be densest in the water
column from May to August (although this too has been found to vary interannually and at
different sites in the Great Lake). Similarly, Asian clam (Potamocurbula amurensis) larvae may
be seasonally dense i.n San Francisco Bay and virtually absent at other times. More generally,
spring diatom blooms, comb jelly blooms, scyphozoan jellyfish blooms, and so forth, are normal
and typical population phenomena in many inshore waters. These are not, however, “global hot
spots” as defined earlier. Note that this option overlaps with the adoption of site- and time-
specific macrofiltration management (option 8). .

Specific advisories, issued by each state or country, could identify those times of year when
the planktonic larvae of certain specific species or groups are densest in the water column, or
when natural population “blooms” are in progress. These advisories should nor be one-rime-only,
permanent memoranda -- they should be updated as a regularly numbered series. Avoiding the
uptake of harbor water at these times would predictably reduce the intake of certain taxa.

7. Site/Time: Do Not Ballast at Night

Avoiding ballasting at night, particularly in shallow waters, will reduce the diversity of
species present. A prediction in that the sooner this advice can be disseminated to the maritime
indusby,  fhe sooner we will  see a reduction in global invasions of cerlain  species.

A well-known biological phenomenon is vertical migration. Benthic or epibenthic
organisms rise up into the water column  at night, often to surface waters, and certainly within the
depth zones  of ships’ ballast intakes. This behavior has been related tu truphudynamics (feeding),
reproduction (mating), and other ultimate or proximate phenomena. Typical species involved are
“peracarid crustaceans” -- generally small (in shallow water) crustaceans, sometimes referred to as
“shrimp like” (although few are actually “shrimp-like” in any sense at all). Peracarids include
amphipods (scuds), isopods (in such families as the Idoteidae;  Sphaeromatidae, and Cirulanidae),
mysids (opossum or possum shrimp), cumaceans, and tanaids.  These organisms can be particularly
common at night in the water -- and in many locations completely absent in the water during the
day. Nektonic species, such as true (caridean) shrimp (such as palaemonids and crangonids) and
certain ftih and other taxa, may similarly be much more common at night in the upper water
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relative to pumping out Duluth-Superior water into other Great Lakes ports. These restrictions
are based upon the timing of the appearance of juvenile ruffe.

b. Microfiltration

The development of automatic self-cleaning microfilters  presents future options for ballast
water management with vessel retrofitting or vessel redesign. Microfiltration consists of
separating particles between 0.1 micrometers (microns) (1000 angstroms) and 1000 micrometers (1
millimeter). Pollute& (1992) recommended the potential adoption of wedgewire  filters of 50
micrometer filtering ability. We here examine an alternative filter, the woven  mesh Screen filter, of
25 micrometer filtering ability.

A basic design of a microfiltration  system installed in-line on water pipes would be as
follows (J. Dragasevich, persona! communication, 1992):

“Coarse” microfiltration, consisting of two or more in-line, 30 cm (1Zinch) diameter,
woven mesh screen filters of 300 micrometers, would be installed as the first filtering units
downline  from the ballast pumps. Woven mesh, fabric filters are made from synthetic fibers.
These units would have protecti%.  saltwater coatings. Immediately downline  from these units
would be two or more (matching) 25 micrometer filters, which are now available. Both sets of
filters are self-cleaning units, using approximately 130 gallons of water per wash. The  coarser 300
urn filter uses a brush filter mechanism (operating at 150 psi minimum), which can be continuous
during system operation (brush filters are used in heavy particle load industrial systems, such as
“white water” in pulp/paper processing mills). Stainless steel brushes, driven by a 1.5 HP motor,
revolve along the screen, removing the filtrate which is then discharged through a flushing valve *
for a duration of 15 to 20 seconds. l%ir@tjIk?er  wouki  nrmove  most of the largerzaophkion.

The finer 25 urn filter uses a suction scanner filter mechanism (operating at 30psi
minimum), where cleaning also occurs while flow continues (flow reduction during the cleaning
cycle is minor compared to system flow). The  suction scanner, also driven by a 1.5 HP motor,
scans the filter screen in a spiral motion and removes the filtrate with suction caused by the
flushing valve opening to the outside. The hollow wings of the scanner collect the filtrate and
pass it to the flushing valve without touching the screen; cleaning takes 40 to 50 seconds. 77&
second jilter would nmove most of the smalkr zoophklon and mast of the large and medhn-sized
phyiophnlclon

These filters can be computer programmed, relative to automatic cleaning at specific time
intervals or at specific pressure differences across the filter.

Residues (filtrates) collected by these filters are either collected and disposed of later or
flushed out of the system at the time of ballasting. If the latter, these residues would be flushed
out within the hydrographic region where the water was being boarded, rather than at the
destination port (which would have the potential effect of releasing living organisms in the filtrate
at the new port).

Capacities of these filters at 300 urn and 25 urn would be up to 1000 cubic meters/hour
(264,ooO  gallons per hour). Double systems would thus be capable of boarding over 525,000
gallons per hour. As noted earlier, most vessels operate with pump capacities of less than 1,000
cubic meters/hour and thus these filters would not slow most modern ballasting operations. It is



p~bab!e that ~nsta!!atjon of micru~tratjun  equipment  would  require up-s~jng  e~stjng vessel
pump capacitor,  or ping mure  p~rnps~  tu uver~me  th: additiuna!  r~jstan~ deve!up~
~d~charge  head pr~sure~ by the ~!tratjun  equipment.  The a!tematjve ~nut  ups~~ing  the pumps  or
using addjt~una!  ava~!ab!e  pumps~  would  be that there would be a red~ctjun  in the capacj~ of the
pumps dependent upon the actual add~tjuna!  bead pr~sure en~unter~  and the uperat~ng
characte~tj~  of the pump.

Wuven  me& filters have a num~r  of advantage over wedg~re fi!ters. Wedge~re
filters, while  rated at 50 urn or better, due to their slotted design, ~~jt  larger nun-sphe~ca!
pa~jc!~ tu pass thruugb  lengthier  emotive  below  100 urn (I* Drag~e~ch,  pers, ~mm., 1992).
These  filters thus pe~jt a iarge number of jnve~ebrate larvae ~inc!udjng  the Iarvae of zebra
rn~e~~  to pass t~uugb.  In wedge~re fibers  a re!atjve!y sma!! prupurt~un  of the filter  surface
~est~ated as abuut 5 percent with a 5~rn filter)  is actua!!y avai~ab!e  fur ~!tratiun~ since the wire
takes up much of tbe surface area of the filter; in a wuven mesh filter, ~~jderab!y  mure  of the
su~ace is open and avaj!ab!e fur ~!tratjun  ~~tjmated  ES about 37 ~er~nt  with a 5~rn filter).
Wedge~re filters se!f-c!ean  by bac~~bjn~,  such  that there is flow reversal and thus at least one  ’
pump of the s~tem is off-line du~ng  the bac~~b  process. ~r~u~!y ~!tered water is used fur
bac~~h~ng~ with  &is water thus lust  to the d~cbarge;  in wuven mesh s~te~~  un~!tered water is
us& to clean the s~tem. In the c!eanjng  prucess, a wuven me& f!Iter is genera!!y  100 percent
electives remu~ng a!! ~!trate larger than the s~cj~~  size; a wedg~re filter may be partia!!y
se!f~!ea~jng un!y,  bac~~hjng~jng  to the area of least r~~tan~* Bac~~h  water rn~t be ‘at
least 1Opsj greater than inlet pr~ure,  and therefore the uperatjun requires an additional booster
pump. In addjtjun~  ~nsjderab!y  mure  water (as much as ~~ ga!!u~ per w~b~  is required,  while
a wuven mesh  EIter, ping brush  ur suct~un  c!ean~ng~  requires no extra pump and un!y 132
ga~u~~asb (at 60 psi).

A second in-line, fu!!uw~n cuntru!  s~tem, du~!jne from the m~cru~!te~,  could be placed
tu achieve removal of urgan~~ < burn in size. Upt~u~ jnc!ude  W ~uptiun  111,  u!trasuni~
~uptjun  121,  or a ch!u~ne~udjne  su!utjun  insects by mete~ng  hump  ~fu!!uwed by ch!urjne  and
iodine remuva!~ Cf. ~~sjer*  pe~una! ~mmunjcatjun, ~~2~. zmica! jn~ectiun  at the pump
fu!!uwed  by removal is discu~ed  at ~hemjca!  B~ucjd~  ~~ptiur

Woven mesh filter  sited  are large and would  requir s! retru~tting or be app!~cab!e
tu new vessel design. A wuvenm~b filter  s~tem as d~c~bed Je measures 2.8 meters in
height  by 1.7 meters in ~dth~ side-by-side  duubk fibers  would  thus respire  at least 3.5 metes.
Two brush mode! 300 rnjcrun~  ~~3~r  capacj~ filters cost  appru~mately ~32,~, twu  scanner
made! 25 rnjcrun~  l~rn3~r ~pacj~  fi!ters cost appru~mate!y $~,~. Maintenan~  of these
s~tern~ is said tu be low* with screen rep!a~ment being required  every few years.

A !imjtat~un  to jmp!ementatiun  of filter  sited would  be among those vessels using
gra~tat~un  fur ba!!astjng* ~e~ujrernen~ to pump a!! water award (and tbruugb  ~!ters~ rather
than gra~tate water aboard would  need to be examj~ed.



Extermination of Oreanisms  Unon  Ballasting (Ballast Treatment)

9. Mechanical Agitation

a. Water Velocity

Increasing the rate of water flow has been proposed as a means by which organisms would
be mechanically destroyed. While there is little question that many organisms would suffer
increased mortality under very high velocities (presumably by being crushed against solid objects
with which they would collide, or by being trapped in cavitations), there are little or no data on
the potential efficacy of- this method. Ships’ ballast pumps are fur the most part high volume, low
pressure systems, and are nut designed tu achieve very high velocities (Helland,  1991). Many
organisms safely transit the existing centrifugal ballast  pumps, which typically operate at 1200-1800
RPM. Ballast water sampled via deck outlets through fire control systems, normally a higher
pressure and higher velocity environment than the ballast systems, have been found to usually
contain living organisms.

b. Water Agitation Mechanisms
..-m..

A corollary of option 9(a) is the installation of specialized water agitation mechanisms
which would create high velocity jets and gyres of water in the pipes or tanks. The retrofit and
high maintenance costs of such devices combined with the poorly known  effectiveness of such
treatment argues against this option.

Mechanical agitation of the water for sterilization is not a probable pursuable pathway. .

10. Altering Water Salinity

a. Add fresh water to salt water

b. Add salt water to fresh water

Treatment 10(a) presumes that sufficient dilution of saltwater ballast by the addition of
freshwater would lead to the mortality of the saltwater organisms (via disruption of physiological,
osmoregulatory  processes). The amounts of freshwater necessary would naturally vary with the
ballast load. For full salinity seawater (for example, 30 u/o0  [parts per thousand] and above),
reduction by over half (to 15 o/00)  would probably be necessary to kill many organisms, but the
mortality levels in differing salinities for most marine and brackish water organisms differ very
widely, and no real generalizations can be made. The eggs, larvae, spores, seeds, juveniles, and
adults, of saltwater species may further vary in their salinity tolerances. In order to achieve a
reasonable level of mortality, a very large amount of freshwater would likely have to be added to
the saltwater ballast -- to the point that if such amounts of water were available a mure
reasonable approach would be to simply take on freshwater as ballast.

I An emergency or back-up option for vessels unable to exchange their seawater ballast is
suggested by this approach. Where larger rivers exist near coastal ports, a vessel could proceed
up river and if the ship was only in partial ballast, add to capacity freshwater ballast in an attempt
to kill the saltwater organisms. Post-ballasting sampling would be necessary to determine the
effectiveness of this strategy.
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treatment 1O~b~ refers to the active addition of salt or sal~ater  into a!ready ba!!asted
tar&s. Ha~ng  ava~!ab!e  s~f~cient  s~pp!jes  of sod~~rn  ch!u~de,  or sa!~ater itself,  at the port of
u~~n wuuld  be prub!ematjc.  This treatment in turn pr~urn~ that suf~cjent  addition  of sa!~ater
tu fr~hwater balfast would  Iead to the rnu~ali~ of the ~~hwater  urgan~~ (via d~s~ptjun  of
ph~ju!ogjca!~  usmuregu!atu~  prisms. 7% arnu~n~  of sa!~ater Nepal wu~!d  s~mi!ar!y  vary
with the ballast bad. The sa!jnj~ tu!eran~  of fr~hwater (0 - 0.5 use (parts per thuusand~~
urgan~~ vary ~de!y~ and few genera!~atju~ can be made. As ducked  at uptjun  (22> below,,
and detai!~ in Table 6-6, broad tu!eran~  to submergen~  in sa!~ater may be pa~jcu!ar!y  true
of the h~gh!y  r~~tant  encapsu!at~ or en~ted  stages of many species.

In fr~hwater-sa!~ater-fr~bwater  tra~j~  (such as vesse!s  from foreign fr~hwater  ports
bu~nd  fur the Great Lakes or other fr~hwater ~~~, it is mure  !ike!y that the vessel wuu!d  await
passage through sa!~ater ~upt~u~  20, 22) In fr~hwater~fr~hwater  tra~j~ ~such  as ~th~n the
Great ~k~~~ the addjt~un  of salt or sa!~ater to the ba!!~t may pru~de  a mean by whjch  to
control f’ intra- :’ ’ ~ter-!a~~  chip-m~iated  d~pe~a!  of nun‘ .~igenu~  soecies,  such as the
ruffe, b> :emic tat may ~~surbab!e  ~thjn  a large eno iudy I fr~sbwater  (such as the
Great L .Ji simF 2s a rest. *~u!umet~c  dj!utjun.

~thuugh the lethal  ekes of u!tra~u!et light (W-B and W-~~ on marjne  and
fr~hwater planktunjc  urganjs~  remain  u~tudjed fur rn~t species, W ster~!izatjun  of ba!!ast
water, as a nun-chemjca!  uptjun~  remains  a puss~bj!j~~  ~pecja!!y in ~njunct~un with other cuntru!
upt~uns  such as mjcru~!tratjun. W acts npun the genetjc  materia!  ~~~~~ of exposed urganjsms
and upon ch!urup!~~ of ph~up!anktun. W e~us~re  has proven  100 percent effective in
preventing the sett!ement  of barnacle and other farvae on tra~parent  pipes ~~!utner,  1~~~ W
would be effective in both fresh and sait water s~te~, and has the putentia! to kill  urganisms -
from era!-bacteria!  size Ievels to invertebrate and churdate  Iarvae.

An uperat~ve  W s~tem could  unset  of either,

(A) in-line f!uw treatment
@I witf- n-vessel rec~rc~!atiun
(C) purtab!e unto fur ~~,~~ard s~er~!j~atiun  ~dep!uyab!e  tank-by-tanks

fn add~tjun~

W s~tems  at the ba!Iast seach~t intake may cause brawn urganjsms  (such as
fish) to avoid the region and thus nut be drawn into the ba!!~t s~tem
W treatment fac~!~ti~  ~u!d be ~nsta!!ed  on !jghte~ng  vessels or barges ~upt~un
28).

~recu~u~  fur the use of W to treat ballast water as it was !uaded  (or djscharged~  at volume
flows  ~thuusan~ of cubic rnete~~uur~ greater than Neal fur rn~t ba!!ast s~tems ~hundr~
of cubic met-: r- curry are found in munjc~pa!  water p!an~,  whjch  use mercu~ vapor lamps in the
254nm  ran f at power Ieveb  ;-1.i‘  30 to 32 *ts ~th~e are ~ua!!y pust-ch!urjnation
treatment power input ~ncr~~s~,  nece. -J exposure time decreas.  5, a!thuugh  this is nut a
direct linea; ~~unshjp.  ~ransrn~~tan~e  depm Y on clarity of the watei  and while W should be
elective  at lLd transparent  levels,  waters Iaaen with sediment  may redtie W e~ectjven~.
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Nevertheless, W could also have some limited depth penetration (to two or more centimeters) in
ballast sediments.

Relative to (A), in-line flow treatment, W lamps (such as xenon arc lamps) could be
installed on (rebuilt transparent) ballast pipes, irradiating and exposing the organisms in flowing
water to high intensity W light. Although experimental data are lacking, short exposure times
(for example, 20 seconds) at higher power levels (1OOOW)  over a distance of < 20 meters would
theoretically be biocida! to a large fraction of the life in the water. Effective W ranges fur
biocida! activity in ballast water are likely to be in the range of 254 to 320 nm; within this range
W has proven highly effective in preventing larva! settlement. Wave lengths of < 2OOnm are
absorbed by dissolved “yellow” (organic?) materials in the water column. In-line flow treatment
could be applied at both ballasting and deballasting.  UV activation could be tied automatically to
flow levels and kept at low levels  between ballasting operations to prevent coating of the
transparent tube.

Relative to (B), within vessel recirculation could be effective with water passing or being
held in W exposure units.

Relative to (C), portable hand-held, high power W lights provide a potential technology
fur the sterilization of smaller tanks under static conditions after vessel arrival (the operator
would use protective gear; W is absorbed by almost all materials). W light in the 280-320~1
range would have a penetration of about 4 meters in the water column; greater penetration would
be achieved at higher frequencies, but the depth is not necessarily proportional. Presumably such
units would be primarily useful if lowered into upper wing tanks from deck level; other tanks
which would require actual entry  or diver placement would modifj  the usefulness of this .
approach.

Safety issues appear to be minima! with the use of appropriate protective devices around
the W sources and with the use of protective clothing. Safety and personnel training would be
required. Ozone is a byproduct of W, but nitrogen addition and proper pipe bleeding would
avoid human health concerns.

.

W is a retrofit option, requiring (in scenario (A)) the ballast systems to go off-line while
new piping is installed and lamps fitted. W lamps > 1500 W with power source would cost more
than $lO,ooO;  new generation lamps have an approximately 10,000 hour life. Vessel retrofit costs
would be dependent upon many of the criteria noted in Box 6-2.

W is a potentially highly effective alternative, with high environmental and human health
acceptability, but field trials will be required relative to effectiveness at various flow rates and
sediment levels. Small W systems are already aboard some vessels, such as on ACV container
ships, where they are used fur potable water, but flow rates are very small (H. Nilsen,  Sea Land,
personal communication, 1992).

121 Acoustics (Sonics): Ultrasonics Treatment

High intensity ultrasound induces three types of responses effective in biocida! activity
(Fischer et a!., 1984): cavitation, heat generation, and pressure wave deflections. The use of
ultrasonics to control hull fouling on ships dates back to the early 1950s; within 20 years,
experiments had been conducted on the effects of pulsed ultrasonics (between 28 !cHz  and 200
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Hz) on barnacle and mussel larvae, in inane !a~ratu~  cultures, with the hjgher  frequenc~~
being mure  effective in larva! rnu~~a!j~  ~Suzu~  and Kunnu,  19~0~. CL ~~atjun  is prudu~ in the
water culumn  and is a~ected by t?-.e frequent of ~!tr~un~~ app!i~~  : .T power Ieve!, the volume
of water, the preens  of d~~.~o!v~  gases, total d~su!ved  solids, and the temperature of the
m~ium (cold  requjr~  high-.: ~uwer levels).

~uw~er~ the ~tentia!  app!jcatiun  of u!tr~unj~  in e~jnatjng plankton from large !
vu!um~ of water, either static or rnu~ng~  rernaj~  !arge!y uninv~tigat~. ~!tr~onj~ can kill
urga~~ as small  as bacteria in a suing stream of water (M. Kenna,  pe~una!  ~mmunjcatjun~
1992); the statement in ~u!!ut~h’s  report ~~~~ that u!tr~uni~  is “nut e~~tjve  against
urgan~~ sma!!er  than app~u~ate!y  150 urn” appear to be in error. ~!anktun death may be
caused in part by the ca~tatjun prucess, rangjng  from simple ~s~tern  shuck to e~ensive  ph~jca!
d~ruptjun of the !j~ng tissue of the animal. The e~c~~e~e~~  of ultr~unj~  ste~!~tjun  depend
upon  e~usure  time, which in turn is related to f!uw rate, pipe diameter and emotive nipe  length
(thus in a ba!!~~ s~tem a mc fur in’ ;ed eq: . irre time ~thuut  affecting pr- % r;l::z
wuuld  be to ~t~b!~h para!!e; I syst, each !T .C with u!tr~unjc  ~ransd~~~ 3 to 645
percent murta!jt~  to zebra mr ,vae hem actleved when the -.digerr,  were .ed to 40
k& fur 3.0 seconds in a UT c er , 3; iong pipe, at 224 ga~rnjn i .i Ke:lna,  pe .I
~mmuni~tiun~  1992). Up to : ;ercent  rnu~a!~~  was achieved with :-: seb:und  e~usure  in a 3”
diameter pipe at 50 ga~min  (M, Kenna~.  Sa!~ater would Iikely require a lunger e~usure time to
cause rnu~a!jti~  than fr~hw~~  due to d~su!ved  pa~icu!at~.

As with W application, implementation of u!tr~uni~  would  reqnire the on-line
p!a~ment of transduce  in rep!a~d sectiuns  of ba!!ast pjpjng.  On-line application in a suing

- water s~tem of suf~cient  pipe Iength  wuu!d  be the probable first line of e~erimenta!  work. In
_. sinr  application of ultrasunj~  ~thin  ballot  tar&s and holds mjght  result in ~shaduw effects” (if not

tai!ured  to the particular appljcatjun~  and u!tr~uni~  would  probably nut penetrate several cm of
ballast sediment=

~thuugh  there are many va~ab!~~ ultr~uni~  would  likely  requir- more ener~ than W
sterns- ~~~~~n tr:. ‘acer types --an make an “an ng” noise, which ’ aver can be muted;
nu medical _- *:crerr -e been i~;~nti~ed  with ult 3 ensure  (!V -a, pe~una!
cummunica~  nI, 1% .~!tr~un~~,s  wi!! degas the 2nd thus reduc. :n levels ~which  may
also, in turn, :.;lhanc~  anjma! and plant murta!jtj~~ rge amuun~ of L r ;n are remuved~
metal ~~usiun  prub!ems  may ensue due to the built tip of anaerubjc  ~nditiuns. Fu~hermure~
there is a remote pussjbj!jty  that tank ~~usiun  may Occur  or jncre~e  as a result of ca~tatiun due
to ph~jca! damage tu tank ~atjn~  or tank structure.

As with micru~!tratiun  and W* expe~menta!  wurk, scaled to ship ba!!~ting parameters
are nuw requjred  to test the e~ectiven~  of this technique.

Tuxic  antifuu!jng  Paine, or other bi~jda! cil ‘3, cuu!d  be @ted on ba!!~t tank wa!!s,
This wuu!d  nut be an uptjun  fur ba!!ast water held (’ -argu hoUs. Surface  ~atjngs ~ua!!y act as
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contact poisons and would not (except, theoretically, for extensive leaching into small, closed,
non-circulating systems) be biocida! to planktonic organisms dispersed in the ballast water, nor to
organisms in ballast sediments. Antifouling paints would prevent the development of fouling
organisms in ballast tanks, but this is not a high profile concern (attached fouling organisms on
the walls  of ballast tanks have not been recorded). The use of antifouling paints in seachests  may
have more value.

14. Chemical Biocides: Addition of Chemicals to Water and Sediments

A lengthy list of chemicals that kill aquatic organisms now exists. Such chemicals could be
added to ballast water and sediments or derived in part from diesel engine emissions (whose main
components are nitrogen oxide, sulphur  oxide, carbon monoxide, and hydrocarbons; Hellen,  1990).

Particularly effective are oxidants, the “oxidizing biocides, ” including chlorine (in various
forms, such as sodium or calcium hypochlorite  and chlorine dioxide), ozone, potassium
permanganate, hydrogen peroxide, bromine, and choramine. Of these, water chlorination has
become most common. In standard power plant systems chlorination consists of converting liquid
chlorine (for large plants, stored in 55 ton rail cars) to gaseous chlorine, which in turn is injected
into the cooling intake pumps. “&I the past 20 years aggressive environmental legislation has
sought to control the amount of chlorine discharged into ambient waters. High levels of chlorine
create not only environmental concerns, but may cause corrosion and form toxic by-products (such
as trihalomethane compounds). Amelioration of the disposal of chlorinated water by
dechlorination can be achieved through the addition of reducing agents (such as sodium
thiosulphate or sodium metabisulphite),  but the amounts needed and methods of application of .
these in ballast systems aboard vessels are (as discussed below) perhaps no less complicated than
the application of chlorine itself.

The efficacy of most of oxidizing biocides against most individual species of aquatic
(freshwater, marine, or brackish water) organisms (bacteria, viruses, invertebrates, fish, algae, and
others) is not known, but is assumed based upon genera! biucida! profiles.’

With exceptions as discussed for individual control options, chemical treatment is not as
likely an avenue for management and regulation of ballast water, although its use under
emergency conditions is not precluded (see “Note on Chemical Application in Emergency
Situations,” below). While some vessels may use chlorination on a relatively small scale for
control of fouling organisms in seawater systems or in on-board sewage treatment plants, the
volumes are very small compared to the amounts that would be required in ballast management.
For the following 17 reasons chemical options are not currently recommended as major future
avenues for immediate research:

(1) Hwnan HeaZth and Safq - Chemical Handling The shipping industry has, with
very rare exception, no experience with the on-board use and internal application
within the ship of large  amounts of poisonous chemicals. The potential risks to
personnel safety due to accidents that will occur are considered to be high.

(2) Hwnan Heahh  and Safety - Indirecf  QXXUY Many chemicals may evaporate,
evolve gases or produce other by-products that would require special venting from
ballast tanks or holds into regions where humans are not likely to breath the air.

145



Must ballast tank openings and uutle~ vent at deck level,  and are nut
aerod~amjcally  en~neer~ to moss air high into nj.e atmusphere.  The use of
subbed  f!ue gases as bj~~d~ rut.& thruugh  ball-:st tanks and ba~~ted holds
would  in particular appear to pose numeru~ ~te~~~a! health hazards through
leakage, ventjng,  and a~identa!  ensure  to toxic fume.

anon ~~ - ~~~ There is a rapjdly  suing  trend and de&
g!uba!!y to reduce the amuun~ of ~~unu~  chemjca~  added to the en~runment,
Requi~ng chemjca!  treatment of hundred  of bi!!iu~ of ga!!uns  uf ballast water per
year g!uba!!y would Iikely be received with great local, natiuna!~  and internatiuna!
r~~tan~  in must en~runmenta!, ~!itica!, social, and e~numic  arena.

~~~~ ~~~ - ~~~~ ~~~ ~h~mjca!  d~pusa!  regulatiuns  in
natiu~ around the wur!d  Van tu f .e point  that the iner :h chemically-
treated water aboard, wuu!d  need 3 ~nte~ace  witi st n:: -et of regu!atu~
.~r~edur~ on a hunts-by-bunk.  oasis,  if nut at mur.: :ticaI  levels.

~n~~a~  ~~~ - ~~~~ Vessek aunt be required to have aboard
and properly use pust-applicatjun  chemical munjtu~ng  ~uipment~ tu dete~jne
the !eve!s of che~cals  remajning  in the water prior to overboard water discharge,
The large amuun~ of water carried by many ships would require that one or mure
crew member be trained as chemical t~hnjcians  and devote sume  pu~iun of their
watch time to chem~ca~  munitu~ng.

~~~ ~~~ - ~~-~~  ~~ En~runmenta!  d~pusa!  of chemica!!y.
treated water may unjntentiuna!!y  pu~un  nun-target species in ambient water,
Deactivatjun  of applied  chemjca~  may a!!e~ate this ~ncem,  a!thuugh  accidental
djscharge  ~spj!!s~  of chemica!!y-treated ba!!~t water may uccur  prior to chemica!
deactivatiun~  or no deactivatjun  may be ~sib!e.

~a~~~~~~  - ~~~ ~~~: Tfre great dive~i~ of ve~sei  types and,
~ncumitant!y,  ba!!~t pumpjng,  ballast tank and bailasted  cargu k&d variat~uns,
Argus agajnst  a standard set of chemical application pru~dures. ~n~ectiun  of
chemicals into  the ba!!~t stream on intake is a pu&entia!!y  ~mp!ex~  costly, and
hazarduus  pr~dure-

~a~~~~~ - ~~~A~: The direct ~thruugh-hatch  or at the pumps
ur indjrect  ~thruugh  hard-pipjng  leading to the ballast tank) access to bailast-
hu!ding  sited  varies ~~ua!!y  to the level of the jndi~dua!  ship, On many vesse!s
direct access is very di~cult  to jm~~ib!e (an example of the latter wuu!d be filled
tanks with vertical access hatch~ or access blocked by cargu~, and chemical would
need to be added thruugh  suundjng  tubes ur other pipes. The r~ultjng actual
app!icatjun  dusag~ and actual jn-tank  Ming would vary to the point that the
re!iabj!j~ of treatment would  be unclear at best. Vessel refit fur the j~tallatiun  of
a ne~urk of cheer ; ~njectu~  is ~~jb!e  with  cuncumjtant  eunuch - ~nv~tment
(refit is nut uniqu ,,~~ernica!  uptju~~.

~~ ~~~. ~ ~~: The effect of the target ci :ir,a! on
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(10)

(11)

(12)

(13)

(14)

(15)

(16)

i (17)

reaching ballast sediments, mixing with the sediments, and maintaining bjocjdal
dosages after passage through large amounts of water would be Iimited  to non-
existent.

GvemU Eficiiveness  - Geneml  Biackhl Nm The actual effectiveness of any
one chemical as a complete biocide against a!! organisms existing in a given tank or
hold of water is, with exceptions, likely to be limited. Similarly, the dosages
required of most chemicals to effect nearly 100 percent sterilization are not known.
This caveat, however, is not unique to chemical treatment.

CompafibiUy  wi& BaZhsted Curgw Hti: Chemicals of any nature are unlikely to
be applied to dual- or multiple-use tanks and holds. On some trade routes very
large amounts of ballast water aboard a vessel are held in cargo holds. Extensive
cleaning and testing for quality assurance would be required after chemically-
treated ballast water was discharged and before cargo was loaded in the same
tanks.

Potentiizlfy  Higit  43st.r: Many ships on most trade routes, and most ships on sume
trade routes, &try vast volumes of water, in the tens of millions of gallons per trip.
-!-his would require bringing or having aboard on every leg where ballast water is
used chemicals (and comparable post-application deactivation chemicals if such
exist) that could  cost tens of thousands of dollars per voyage.

On-Board Handling and &X&XT:  Extensive on-board storage, routing, security, l
safety measures, packaging disposal, spill clean-up, inventories, and (for some
chemicals) air and water monitoring would be required, at very high expense.

Handling Time: Compared tu sterilization strategies with more automatic
components (such as W or filtration), handling time is large if manual application
is required, which would be the case for must if not a!! vessels.

On-bwrd Chemical  Sl0nr.s wouiii  be M: On-board chemical stores would have to
be very large, as the reliability upon the availability of any one chemical, and in the
quantities required, at any given port would be unclear. The volumes may
interfere with cargo-carrying capacity.

Vessel Rep fw S~uruge  Sy~ems:  Vessel refit would be required for the proper
installation and ventilation of storage areas ranging from leak-proof rooms to leak-
proof tanks of the highest grades. Vessel refit, however, is not unique to this
control option.

S’em  GemicnlAd-/ALwnptim and CWario~  Most ship’s systems, of metal,
plastic, glass, ur other materials, are nut pre-designed to sustain exposure ur resist
adsorption or absorption of most biucida! chemicals. In some instances corrosion
on tank and hold walls may increase.

Note on Chemical Application in Emergency Situations

Chemical application remains an emergency procedure in the repertoire of state
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a~thu~ti~  faced with a vessel that has arrived in port and that has been determined to
have aboard bailast water and~ur  sed~rnen~  of high en~runmenta! and~ur  human risk.
~arnp!~  wuuld  be ba!!~t determined to cam human  health pathuge~  ~such  as cholera
bacterja~  or other urgan~~ of a high nu~u~  pru~!e  (such as toxic  dinu~age!!at~~*  In
these cases, huwever~  it would appear mure  likely that the vessel would be immedjately
ptaced  in a ~Djscharge  ~ruhibjte~  stats (see  u~nte~at~ Ba!!ast Management~~  beluw~,
and be asked to depart and dispose of its water outside the state’s ju~djctjo~. Fai!in~
this, the app!icat~un  of biucida! chemjca~  and their subsequent natural decay over time or
deactivation by the additjun  of other chemjca~  could be ~~jdered.

prune is an unstable u~djzing  biucida! chemica!.  In addition tu the ~~ideratiu~
djsc~ed under ~~hemica!  Biucid~~  (fur uzune~  ~pecia!!y its qua!i~ of a h~gh!y  toxic
jr~tant~~  whjch  cu~sjderatju~  wu~!d argue  agaj~~t  the use of such then zune could act as
an ~mpu~ant  cu~us~ve  agent in ballast sited.  Tne  app!jcat~on of uzuz .u ba!!ast s~tems is
putentia!!y  cump!ex~  and may require further special study-

The succ~ uf theta! treatment in the genera! control  of fouling organisms in seawater
pipe s~tems, particularly the we!!-Gus  effects of relatively small jncre~~  in temperature
causing signj~cant  murta!itj~  in such urgan~~ as mussefs  and barnac!~ lecher  et a!., 1984)  has
led tu the sugg~tiun  that heating ba!!~t water would be a putentja!!y  elective  biucida! technique.
In retruspect~  theta! treatment is a margjna!!y  pu~uable uptiun,  perhaps app!jcab!e  to new
vessel design. I

Two pussibi!jtj~  exist by which ballast water could  be heated: (1) heat, either generated
spec~~ca!!y  to wan the Waters or aiready  prudu~d by the ship, cuuid  be re-routed to warm the
ba!!ast, or (2) the ballast water could be re-ruuted  to the ship’s heat suurce,

In the first case, ba!!ast tanks could  be retru~tted with  heatjng  pipe?,  ~urne  smaller sized
oil tankers and genera! cargu vessels are fitted with steam heating pipes runn~~~g  thruugh  sume of
their ba!!ast tanks, and could cuncejvab!y  heat sume of their segregated tar&s in this manner
~Schurmann  et a!. 1990).  The costs of retru~tting~  which would be very hjgh,  are dependent upon
a large number of vase!-speci~c  c~te~a (see  Box 6-2). Main engjne  heat-pruducing  capabjliti~
vary with vessel type and engine  size and age, and it is jm~ssib!e  to predict whether vessels in
genera! wuuld  be capable of producing the requjred  heat. Fur many vessels, it appear that they
would nut be able tu do so. A further dependent va~ab!e  is the length of the voyage be~een
ports.

In the second case, ballast water cuuld  be re-routed to the en~ne r~rn~ and with
retru~tt~ng  ~nceivab!y  be part of the engine ~!jng water cyc!e.  The costs  of new pipjng  to
muve  a!! ballast water through the engine s~tem could  be e~remely high. Fur must vesseis,  more
water than that ~ica!!y held by a ship would be used du~ng  the engine ~u!jng cyde of one
voyages and thus at~sume  pujnt  already heated ba!!ast water ~a~urnjng  the water w: f~cient!y
heated in a single pass) may cjrculate  back z: -.d be !ess effecti . as a ~u!jng  agent -!ugh the
vessel could then switch to ambjent  waterer .owever~ a unce xuugh passag;e  by i- : water
through the engine cooling s~tem may be r~~ative!y  jne~ective  at raking the water suf~cient
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temperature and keeping it at an elevated temperature.

Additional anticipated difficulties with thermal treatment are as follows:

(1)

(2)

(3)

(4)

(5)

(6)

The thermodynamics of heat transfer in large volumes of water aboard vessels nut
designed to carry heated liquids is poorly understood. Heat causes expansion, and
the rate of heat conduction to non-target areas (hull, bulkhead, internal spaces,
cargo spaces) of the vessel must be considered in terms of thermal stress tu the
vessel.

Conversely, heat loss from the ship would be difficult to prevent, and cooling
(relative to tank volume) may be rapid. On most vessels  ballast tank walls are
typically the hull of the vessel.

Many tanks, particularly peak and wing tanks, are deep and wedge- or irregularly-
shaped, such that even heating of the water, even if fitted with heating pipes,
would be difficult.

Ballast water he&in cargo holds is not likely to be subjected to heat treatment by
the methods discussed here.

The discharge of the heated water, as a thermal plume, to the ambient
environment, may be subject to local environmental regulations.

As with ultraviolet light and ultrasonics, the heat levels necessary to achieve l

mortality of many species are not known, and may vary considerably relative to
life-history stage of the organisms involved. The resting stages of many aquatic
organisms (Table 6.6),  as with other systems, may be resistant to thermal
treatment. Suchanek and Grossman (1971) found that many larva! polychaetes
survived we!! in temperature elevations that raised discharge temperatures at a
power plant in Long Island to near 38’ C (where ambient summer temperatures
may be 25’ C), with 63 percent of the individual planktonic worms collected in the
discharge water being alive.

It is improbable that an existing vessel would be redesigned to account fur all of these
obstacles. Newly designed vessels, however, could conceivably incorporate the required
technology by designing ballast tanks in a manner similar to tanks now carrying high-temperature
cargoes. An example of a potential mode! vessel is the Theodoru  built in 1991 (Merwede
Shipyard, The Netherlands; DWT 6600; cargo capacity 5245 m3, ballast capacity 2195 m3)
(Significant Ships of 1991). The Theodora  is designed to carry boiler oil, coaltar naptha, creosote,
antracene oil, and other liquids at temperatures varying from 40’ C to 2.50’ C, in three steel tanks
resting on flexible foundations welded to the ship’s bottom structure, thus allowing expansion and
contraction in both vertical and horizontal directions, depending upon cargo temperatures.
Hdating  coils are fitted in each tank, supported by two 817,000 kcaVh tin-burner boilers. This
capacity permits a 10’ C cargo temperature increase in 24 hours. Roc!cwoo!  with aluminum foil
provide insulation, allowing only a 3’ C drop in temperature uver 24 hours (of cargo at 2.50’ C)
and at an outside temperature of 10” C.

Flexible  foundation ballast tanks, high production heating coils, and proper insulation
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~~~ruwa~~ as a ~un~~~e~~n~~~e  are nut an up~~un CL. ashen and L. ~rai~~wa~~e,
perusal  ~~~~ni~a~iuns~  1992)  ~i~ruwa~~  would  upera~e  tu heat the water, but eff~&~ive  levels
wuuid  be Iuw ~~~~ruwav~  are 50 percent  a~~en~a~~ in only  11 cm of d~~~~~ed  wagers. More
~~pur~an~~~~  the size and costs of a ~i&ruwa~e unit to heat ba~~~~  tanks would  be pru~ibi~iye~  a
~~~~ ~~~ruwa~e  genera~ur  costs  about $2 ~~~~iun,  and such a unit wu~~d  be tuu small  to
~i&ruwa~e une large  ba~~~~  tank. In add~~iun~  beat loss would be enur~u~s  from the tanks and *
ship.

~i~ruwa~~ are nut a p~~~ab~~ cuntru~  up~iun  fur ballast  wager.

to water to create ana~rub~~  ~undi~iu~  has been widely prupused  as a c,untrul  up~iun  fur a
number  of aquatic nuisance  urganis~. Because uf (a) the di~~u~ti~ qf searing ballast tanks and
assu&ia~~d  air pipes (and the need fur pressure relief valve re~ru~~~ing~  fur f&I effect of ~~e~i~a~
u~g~n s&a~~nge~, (b) the pu~~n~~a~  fur large genera~iun  of ~~drugen  suIfide  ~~~~ ~n~~i~an~
~u~usiun  eff~~~~~  the on board a~~~u~a~iun  of sulfur ~~~~n~~  and (c) the puten~ia~
discharge  of anuxic,  s~~f~r-r~~~  wagers u~gen dep~va~iun  is an ~n~ike~~  uptiun  tu be pained.
ages depr~~a~iun  may also have ~~ni~a~ effect on encysted  snags of bang urgan~s~s~

19.

s~~e~s~ while the vessel was unde~a~, rather than (or in addi~~un  to) such ~rea~~en~  whiie  the
water is being buarded.  These s~~~~  a~~e~a~~~~  have been demised earlier.  A vessel fully
~~~ipp~d  to ~nde~ake such ~rea~~en~~  ~uw~er~  would likely Apple these pru~d~r~  upun
ba~~as~ing~  rather than devu~~ng  crew time tu wager pr~~~~s~ng  at sea. ~~~ir~~~a~iun  safes basin
the vessel would have the pu~en~ia~ of re~~~r~ng  mure  space than inj~ia~  ~n~ake~  on-line ~rea~~en~



systems. However, should experimental work on filtration, ultraviolet, or ultrasonics demonstrate
an unacceptable time delay in ballasting, whereas in situ treatments while the vessel is underway,
while requiring more time, would be effective, en route treatment may prove to be a pursuable
option.

20. Altering Water Salinity: Partial Exchange

We newly distinguish this as a ballast control option. The  specific intent of this procedure
is to flood and mix fresh water ballast with salt water, or salt water ballast with fresh water, in
order to use the newly ballasted water as a biocidal agent. The principle behind this technique is
to directly impact those species whose osmoregulatury  abilities are unable to compensate fur
marked changes in water salt concentration. This procedure would normally require partial
deballasting followed by reballasting  (partial exchange).

Captains of certain vessels have informed us that they could  nut fully exchange their water
in certain tanks (such as upper wing tanks) because of potential stability problems. Option 20
identifies the potential usefulness of even partial exchange of such tanks if a vessel finds itself in
water of distinctly different salinity than that of the ballast water aboard. Locke  et al. (1992a, b)
found numerous dead freshwater organisms in partially exchanged salt water in European vessels
arriving in the Great Lakes. The presence of these dead organisms in the tanks is evidence that
even though exchange was partial, the increased salinity was of sufficient magnitude to kill must
freshwater organisms.

Passive Disinfection

21. Increase Length of Voyage

Williams et al. (1988) found that the number of taxa in ballast water decreased as the
length of the voyage increased. Water approaching one month old had relatively fewer living
organisms.

There is no doubt that mortalities occur in ballast tanks and ballasted holds uver time (see
Box 6-4 fur a discussion of this phenomenon). However, the diversity of conditions (water
quality, rate, direction and level of temperature changes, and oxygen content+  mixing of older
with “newer” (reballasted) water), suggests that an extraordinarily wide set of conditions could
result in an equally broad set of in situ  situations that would lead to the continued abundance of
some species over a relatively lung period of time. Moreover, the resting stages of many
organisms (see Table 6-6), in particular dinoflagellate cysts,  would likely remain viable in tank
water or sediments fur lengths of time far exceeding those under which it would be practicable to
increase a voyage transit or hold the water.

The economic climate of the maritime industry, which seeks to minimize rather than
lengthen the transit time of a vessel, argues against continuing to consider this an optional control
measure.



natural  rnu~a~~tj~  of animal and beans do occur  in bandit  water dying  the vuyage.  ;
There have been few studies, however, ~mpa~ng  the u~~nal~v  ballasted  ~sembla~e to the
arrival assemblage  in a given vessel, Figure 4-6 i~~~trat~  a theuretica~  sequent  of events in the
muvement  of urgan~~ in bandit  water. with each subsequent  stage the “bux”  be~rn~  shorter,
reciting  increased mu~ali~  (and thus decreased number of specify.  The width of the filter
remain  the same, huwever,  relenting  in part our lack of ~uw~edge of the mechanisms  invu~ved
in rousing  the abundant and dive~i~  of urgan~~ begun  each step. Earlier studies
inducted  at ~uu~  Hole (see ~ar~tun,  19~~,  ~mpa~ng  stagy I, II, and III, revealed that stage
II was generally  ~mparab~e to I ~a~~huugh  sume species pr~ent at sh~ps~de  were not ba~~~ted
up). Stage III ~emb~age often shuwed  a decrease in the num~r  of species after a vuyage~  -but
did not n~e~a~~~  show a decrease in the n~rn~~ of jnd~~dua~  of those species that did suniv~.

my would anjmals and plants naturally  die in a bandit  tank? In sag phenomena leading
to murtaliti~  ~tentia~l~ alit of:

.pr.,

Gaul A~~~~~
(a> ~~~~~5~  by other urganisms~  such as fish, hydrumed~ae~  and larger ~r~ta~eans-
(b) ~~~~~~~~~u~ ~~~~~,  or, fur visual predatu~, the inabi~i~  to locate food,

putent~a~~y  leading  to sta~atiun.
m

~~~Ul~~U~~
(4 ~u~~~~~  u~~~r5~lu~~~~  1~~~~~  due to their ~nabi~i~  to delay metamorphosis in

order to locate  a suitable settling site ~sta~atiun  is noted in (b), abuve~.
(4 A~~~~~~  sf ~~~~~ fur phutus~th~izing  organisms, such as diatu~  ~ph~uplanktun~.

~~1~~~1 Cam
w ~~~~~r~~~~  ~~~~g~s~  due to the ~natura~  heating or ~uu~ing  of the water as it

passes through di~erent water rn~s~.
G-l ~~~ c~~~~~~~  such as de&re~ing  d~ulved u~gen  levels.
03 ~~~~~  ~~~~~~~~ff~u~~  due to shipboard suur~ of ~ntaminan~  (such as greasy

and oils)  ur to ~~~utan~  taken on board  with the bandit  water.

sedative tu (e), the durat~un  of e~usure to aitered  temperature  fo~~uwed  by the retu~  to
u~gina~  temperature  map play an ~mpurtant  rule; the length  of time it takes a vessel to pass
through trup~~a~  water would be an applied  example.  Studies in 19~~-~9~~  at ~uu~  Hole
~~ar~tun,  1985) revealed a wide range in the ef~~a~ of natural  water heating (that is, a vessel
sailing  into wager waterer such rangy depending  upon whether the ship ~untinued
unidire~t~una~~y  into warmer Waters  or return to cooler water. In p~anktun  balloted on Cape
Cud in inter, there was surpriz -zly high su~va~ of Catalan zuup~anktun  (such as ~upepu~
and balance larvae) in bandit 3. r--r that had departed Woods Hole at about 4 degrees Celsius,
heated up to 25 degree  Celsius ,?c a ~~~ of only several  daffy and then cooled  back down  to
ambient Cape Cud temperatures r+on  retu~.
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2 2 Exchange (Deballast  and Reballast)

Ballast water exchange is also called al sea, open ocean, deep water, high seas, and mid-
ocean  exchange (see Box 6-5 for a discussion of these terms). Exchange is the process of
deballasting followed by reballasting. Deballasting  alone is not considered to be exchange
(although, if done at the “proper” sites (see below), it may achieve the same management
objective). Under current Canadian, U.S., and IMO guidelines or laws, exchange is advised in
waters with depths greater than 2000 meters.

Exchange is accomplished in one or more of three possible ways:

(a)

( w

cc>

dehallast  and rebaflast: by pumping or gravitating out of the vessel’s  tanks
(normally one tank or paired tanks at a time to maintain stability (GM)) and holds
as much of the water as is possible (with minima! or no compromising of the
stability or other needs of the vessel), followed by pumping back into the tank
compensatory water.

flushing (flow through, overflow): by pumping water into the vessel’s tank or holds
such that the water  at the top of the tank/hold system overflows, usually through
an overflow v&t, or a deck pipe. Flushing would have to be extensive to
approach full exchange. Hutchings  (1992) has noted that Australian studies in
progress indicate that more than three flushes were required “to ensure the
complete replacement of water.”

tank topping at sea: Jones (1991) describes this as a process “invo!v(ing)  the .
partial pumping out of a tank, followed by filling as the pumping out kntinues,
then final refilling.” This would require two separate ballast pump-piping systems
for such a simultaneous operation. If deballasting was by pumping and
simultaneous filling (reballasting) was by gravitation (or vice-versa), two separate
openings to the surface and into the tank (hold) would be required. We did not
encounter this procedure in our work.

Why vessels “normally” deballast  and reballast as part of ship’s operations is summarized in
Box 4-2

There are two major biological and ecological principles that provide the scientific
foundation for exchange:

If exchange occurs far enough from the continental margin, the probabilities of
reciprocal introductions are virtually non-e&teat. The oligotrophic  (low food)
conditions, higher ultraviolet radiation levels, high salinities, predators, and other
conditions of the oceanic environment create inhospitable (if not immediately
bio$da!) conditions for freshwater, estuarine, or most inshore coastal (neritic)
planktonic organisms discharged into this environment. Conversely, oceanic
organisms,ba!!asted  up in their place, and later discharged into freshwater,
estuarine, or inshore coastal (neritic) waters will encounter similarly hostile
conditions.
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The terms, ‘at sea,” “mid Oceania  “deep u~an~ *open  leaned, and ~b~gh  seas* have a!! been used in reference LO the
~~~b~~ ~o~~~jo~  of under~a~ng  exchange of coastal ba!~~t water. As the eventual adup~jun  of one or more terms
has the potentia!  tu essence  the perceptiun  of a *pruper*  and “e~ectivew  site of exchange, & careful cons~derat~un
of the apprupriate  term may be bene~cia!  in the ear!y stages of inte~atiuna!  ba!!~t control, Because of the globa!
d~vers~~  of the relatio~hips between ~~t!~n~ and the pru~rn~~  to “open” or “deep” ocean, !ucatiun-spec~~c
de~nj~~u~s  of exchange  sites, rather than a simp!e  phrase, may prove to be more useful  in the long run. @aI
de~njtju~  ~~~~erna~~ona!  and na~juna!~  of u~ean re~u~ are ava~!ab!e~  a deta~!ed  review of these, as pute~~tja!!y
ap~!~c~b!e tu exchange  sites, could ?L a useful exercise.

is a very gener :I clarinet. -rrm referring to the vessel ; ag ut duff d~~~~~~  achy ~~~ c&r
pea UC cursor “%s such= !ues nut connu~e  any spec ..c distance from iand nor depth uf
water. fi is suf~c~~ntly  irn~~~c~e  as to scent  avuidance  of this term in the context of ballast
exchange.

.Tr,
indicate  thk rn~d-pu~nt  of a vuyage be~een  twu land rn~~. under client  ~MO~~~~
g~ideljn~, water depth of ~~ or mure  meter are s~~~ted  as approp~ate  sites  fur
exchanger  In a!! major ucean basins these depths occur  relatively near the ~nt~nenta!  rnarg~~
~she!v~~*  and are nut r~t~cted  to mid beady Mid ucean exchange in ma& ucean baby
(as d~c~sed  e~ewhere~  may approach *idea!” ~change  (in the sense of the ~n!~ke!~huod  uf
any re!eased  p!a~tun  ever reaching  neritic  en~ru~en~~  but when ~~pled  with a rn~n~~num
depth of exchange ~which  would  a!!uw exchange not in the mid ucean) may set the stage fur
potent~a!  ~nf~~un.

(car deep sea) is alsu  a genera! rna~ner~s te ~anad~~~~  US, and ~MO~~~ g~~de!~n~
scent that exchange preferably take p!a -. Mate: Y&S greater than ~~ meters ~~~~~~.
feet, 10% fathu~~ 1.243 statute rn~~~~ 4 zh that -;~!d scent  app!~cat~un  of the term
“deep ocean”. ~nfu~~nat~!y, such depths I occur  very c!use to cunt~nenta!  margins (see
text), and the release of planktun  at such sirej  may nut #guarantees  that exotic  species wi!! nut
arrive upon the shore.

(ur open sea) as with “at sea,* this term denotes no specific depth of water nor d~tance &urn
land, Many rna~ne~ would d~c~be  their vessel  as in the “open ocean” when on o~hore
thing banks  of only a few tens of meters depth, ur when their vessel is ~thin  site of land-

may ur may nut refer to that rerun of the Ocean beyund a ~~nt~fs  legal  ~~r~dict~on. Under
cu~en~ U.S. law vessels bind fur the Great Lakes, and whjcb  have passed uut of ~~~~r  the
united  stats’ or Canada’s exclusive  ~~~~~ie  zo~le (a 200 mi!e  [X2 ~~urn~ter~  distance frum
!and~  since their last port of call, are now re~~~ed  ~~th ident~~ed  exemptiu~~ to ~ndergu
exchange “on the waters beyund  the EEZ, in an Ocean depth of nut less than 1.24 miles
(2~~ rnete~~....~. T&is  concept has the advantage of ~~p!~ng d~tance &urn share with
depth, and would thus prevent a vessel  from ~nderguing  ~change in deez water which was
close tu shore.

~-
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(2) If exchange occurs far enough from the continental margin, either (a) ocean
currents would take too long to transport the released organisms back to neritic
waters (“too long” defined as beyond the life (or planktonic life stage) of the
organisms) or (II) ocean gyres would prevent the released organisms from leaving
the release site before they died.

Exchange of water in the “middle” of ocean basins has the potential to satisfy these
foundation principles. However, “mid ocean” exchange also potentially places a vessel at sites
where exchange, because of sea conditions, may often be the most difficult.

Rare exceptions to these two principles can occur, but these appear to be restricted to
adult organisms. Living shallow-water tropical mollusks, for example, are occasionally carried
ashore in the British Isles on floating debris apparently derived from Caribbean ur adjacent
tropical systems. These organisms would have had to survive several months transport through
the GL!f Stream and open North Atlantic waters, going from warm tropical temperatures to cold
temperate waters. There are no records of such tropical species establishing populations in high
northern latitudes as a result of such transport. Here we exclude, of course, those marine
organisms with larvae adtipted  for transoceanic transport. These teleplanic larvae naturally cross
the ocean, and are produced bvpecies  with generally broad distributions.

It may be noted that neither the diversity (numbers of species) nor the abundance (density
of individuals per unit space) of organisms in the “open ocean” is part of the scientific foundation
of exchange. While initial ballasting up in offshore waters decreases (to the point of virtually
being non-existent) the possibility of taking in shallow-water benthic or planktonic organisms or
their cysts, this is distinct from the biological principles behind the debalfasting-reballasring  pro&.
Occasional reference is made in the ballast water exchange literature to the concept that the open
ocean has fewer species, and in far fewer numbers, than inshore waters, and that this is a major
reason for the potential success of exchange. The comparative diversity behveen  inshore and
offshore waters is nut, however, strictly applicable to the success of the exchange process. Indeed,
certain oceanic planktonic communities are far more diverse than inshore waters (the tropical
plankton of the Gulf Stream ur Sargasso Sea, for example, as compared to the cold-water boreal
plankton of Georges Bank or the Gulf of Maine), and certain organisms in oceanic waters can be
extraordinarily abundant (such as the cyanobacteria (blue-green algae) Trichodesmium
(Oscillatoria)).

A number of benefits and concerns are associated with exchange as a management
strategy. These are summarized in Box 6-6a and 6-6b.  Among the major benefits are (1) the
high probable efficacy of this method in removing and/or killing  freshwater organisms, (2) the high
probable efficacy of this method in reducing the numbers and diversity of neritic organisms, and
(3) the present ability of most vessels  to undertake sume measure of exchange without any
retrofitting costs. Among the chief concerns of exchange are (1) compromises to the integrity of
the vessel during the exchange process, (2) costs associated with exchange as a new addition to
ship operating costs, (3) the high probability of residual organisms remaining when original water
is brackish or salt and (4) the low probability of washing out large accumulations of sediment (and
the organisms therein) by the exchange process (sediment removal is further discussed in options
23 and 29).

Post-exchange expectations, in’ terms of the potential presence of remaining, original biota,
and in terms of the physical-chemical conditions of the exchanged water, have been the matter of
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~~~~io~~l
(1) ~e~er~~  App~~c~bi~i~: Must vessels can cu~ent!y undertake some me~ure of

exchange, by sume mean, ~thuut  retru~tting  costs. Fur many ve-sseis,  weather
~~itting~  exchange can nu~a~y be ~mp!eted in less time than that requjre~  for
transo~anic crossing.

(2) PLZH sf ~t~~~~  Uper~~g ~~ed~~ Fur sume  vessels, the cust of uperatjon for
bal!~t water exchange wi!! nut be a new cost,  when deball~t~ng  and reba!!~t~ng
already occur  as part of standard operating pr~ur~ (see Box 4-2).

(31 aunt  A~~ept~b~e~  Fur many vessels, the overall cust of uperatjon may be a~eptable,
in terms of ~uipment  wear, fuel  costs, crew time, crew fatig~e~  and transit delays.

BlOl~~~
w ~~e~~~e in ~e~o~~g  ~~ ~~g ~re~~~~ter  C .~~~~  Sal~ater exchange is likely

to be hig~y effective  in remu~ng and ~~ng iwater  urga~~rns~

(5) ~~c~ve  in ~e~oving ~r~~~~ ~~ter ~~ Sa ir U~~~~~~  Sa~;?~~ter  exchange
may be very important in reducing the abut ;e and dive~i~ 01 o~gina!  water
brac~sh  and sal~ater  urgan~~.

BOX 64b.

U~e~~lOnal
(1) bodes  ~~0~ the ~~~; The larger the vessel, the greater the pote~tja!  problems

relative to stresses (shear furces,  bendjng  murnen~~  on the vessel; exchange may
create an una~eptable  amount of free surface area in the tanks or holds, causjng
exa~rbated stab~li~  and stress pruble~~ under severe sea stats, many vessels will
be unable to unde~ake any exchange.

(2) ~u~~~  not A~~.~~~ob~e:  Fur many vessels, the overall cost of operation may be
unacceptable, : ~e~s of equipment  wear, fuel costs, crew time, crew fatigues  and
tra~~t delays *t the latter, the greater the ballot capacity the g;ester the time to
effect exchan~-  Se

~iolo~i~~~
(3) redirect  ~~ ~~~~~~  Gwen  ~e~a~~ In most vessels, exchange will not free up and

flush out larger sediment loads, ~tentja!!y  leaving large number  of organisms
remajning  in the ballast.

(41 bud ~~&~~~  in ~e~o~~g  aid ~~~~~g  AI1 ~re~~~~te~ U~~~~~:  Sal~ater  exchange
may nut eljminate  the r~istant stagy of many fr~hwater urganjsms.

(5) bud ~~~~~e in ~e~u~~g AlI frocks aired aid ~~~~~ter U~~~~~s~  Fur many
vessels ~mplete  exchange may always be impu~ible  ~r~idual  water remain even
after pumps lose suctiun~~  and r~idual  urgan~ms  will  remains  Thus sal~ater
exchange may nut eljm~nate  all u~gina!  water British  and sal~ater  urgan~~-



considerable discussion. A matrix that appeared in the first IMO discussions of the ballast
management issue in 1989, and now appears in the IMO’s international guidelines, identified the
relative likelihood of the survival of organisms depending upon the salinities of source
(discharged) versus target (receiving) waters (IMOMEPC,  Resolutiqn  50(31)  (1991)):

“PROBABILITY OF GRGANISMS  SURVIVAL AND REPRODUCTION~~
DISCHARGED BALLAST

BW SW
RECEMNG
WATER

High Medium Low

BW Medium High High

SW LOW High High

FW= Freshwater; BW= Brackish water; SW = Salt water
_.-..

This chart presents qualitative probabilities of organism survival, and as such sets certain
expectations. The chart was originally prepared by J. T. Carlton  during a coffee break at a
workshop, organized and sponsored by the Great Lakes Fisheries Commission, concerning ballast
water management strategies. The chart was designed to clarify certain misconceptions among
non-biologists present about the relative probabilities of initial survival of organisms released into .
three different salinity regimes. It was presented as an overhead to the workshop as an
unscheduled presentation; evidently it was copied down by some of the participants present. In
the IMO guidelines it bears the heading, “Probability of Organisms Survival and Reproduction”.
There was no original title for this chart but, at the least, “reproduction” should be deleted from
this title, as the probabilities of reproduction are dependent upon a much broader array of
environmental phenomena than salt concentration. More importantly the usefulness of this chart
is perhaps limited by the terms “high” “medium”, and “low”, which are sufficiently qualitative as to,
permit no clear basis for prediction or management.

A basic “exchange matrix” relative to the resulting salinity of the exchanged water and
dependent on the amount (proportion) of water exchanged (partial vs. complete exchange) (Table
6-3) permits the identification of certain substitution and/or dilution expectations following
exchange. For erchange  occurring  in the ocean in waters of full salinity charactetitic  of the region in
question (Table 6-3) resulting exchanged water would be as follows:

Situation 3: For fresh water, brackish water would result as a worst case scenario. This
would lead to the potential survival of certain freshwater organisms (as
discussed below).

Situation 6: Fur brackish  water, brackish water would also result as a worst case
scenario. This  would also lead to the potential survival of certain brackish
water organisms, or some freshwater organisms living in brackish water
(such as free-living adults or resting stages washed down into the estuary
from up river sources).
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In a!! cases it is ~surn~ that ‘R~~lting ~cbanged  Watery in
reality (Table 6-4, Saunas section, right hand ~lurnn~ is a
~mbinatjun  of mixed nominal Watery and #~change Site* >
water. As d~c~s~  in tile text, therm  is no ~~i~~~  truant
of 0~~~~ water whams whew  aged with unhinge site water
#~~r~ntee~#  t h e  ~b~~~~e  of u~~n~~  ~~ t h e  u~~.n~~
b~~~~~~g  sites

O~~na!  Water ~chan~e Site R~ultin~  ~chan~ed Water

Fresh Fresh Fresh

Fresh Brac~h Brac~b to Fresh

Fresh Salt Salt to Brac~h

Brac~sh ,-. Fresh Fresh to Brac~h

Brac~sh Brac~h Brac~h

Brac~h Salt Salt to Brac~h

Salt Fresh Fresh to Brac~h

Salt Brac~sh * Brac~sh to Salt

Salt Salt Salt

were, Salini~ (total  salt cuntent~  is:
(Use = ppt = parts per tbu~and~

F~shwa~er = 0 *e 0.5 Use
B~~~~~ water = 0.5 -- 30 U/o0
~al~at~~ = 30 + Use

These salines values are based upon the de~n~tiu~  in the Venice S~tem of Cl~s~~cation  of
Brac~sh Water ~S~~s~urn  on the Cl~si~catjun  of Brac~h  Water, 1959). In the Venice
S~tern~  f~~~water is called ~~e~~* B~~~~~ Waters  found in e~t~a~e~, is dj~ded into three
zunes:  o~~goh~~~~  (0.5 -5 undo, ~esuh~~~e  (5 -- 18 undo and pu~hQ~ine  (18 -- 30 undo-
~~~~~ter  is dj~~ded  into the e~h~~~n~  ~30 -- 40 use) sd the h~perh~~~~~  (40+ ~~00~~  the
Iatter often aku called the h~~~~~~~ zone.  A furt:.,-r  distinct~un~  which u~erlaps  these
de~nit~ons~  is ofzen  made ~~~~e & &e ph~~~o~o~~~~  ~b~~~r~e~  uf u~~~~~  to ~iv~ in brQ~~h

*
~~~or  ~~~r  ~~~er~  Thus ~ urgan~~,  with a na~uwer  range of osmoregulatu~
ab~!~ties~  are able to penetrate ~tua~~  only down  to abut 25 use ~Ca~~ker, 1967),  whereas
~~~ organ~ms,  with a broader range of ~muregulatu~  abiliti~  and tolerant  to lower
sal~ni~  ~nditiu~,  are ~ically found throughout must of the brac~h water zone, with some
species able to live (but nut generally re~~~u~~jn the fr~hwater zone.



Situation 9: For salt water, both original and exchanged salt water would be expected,
with residual species from the original water potentially still remaining.

It is important to note that there is no minimum amount of original water which, when
mixed with exchange site water, “guarantees” the absence of organisms from the original ballasting
site. However, elimination of freshwater taxa through complete or almost complete exchange in
salt water will generally occur (with exceptions noted below).

In turn, post-exchange expectations in terms of both living organisms present in exchanged
water and “newn salinities can be divided into two categories: (1) the conditions potentially
achievable under “ideal” conditions (defined as virtually complete exchange occurring of both
water and sediments), and (2) the conditions most likely to be achieved under normal operating
conditions (defined as incomplete exchange of water, and incomplete or no removal of sediments,
conditions usually taking place).

Table 6-4 presents these expectations. Under complete exchange conditions no
freshwater, estuarine or coastal marine species would be present in the water or sediments upon
arrival at the next port of call (NPOC). Discharged freshwater organisms would die in the ocean
(Coates et al. (1982) record the*curious  case of a bolus of freshwater organisms, probably
discharged from a ship’s ballast tank, being found in a juvenile fish caught at the ocean surface
about 150 km southeast of Halifax). Under normal operating conditions, no obligate free-living
freshwater organisms would be present (any residual organisms having been killed by any
appreciable salt inputs). However, encysted freshwater species, in resting stages, may remain.
Also remaining would be residual coastal estuarine and marine species (including the cysts of .
dinoflagellates), and, rarely, euryhaline  freshwater species capable of rapid osmoregulatory
acclimation from fresh to saline waters. Thus, Locke et al. (1993) in studies sampling vessels that
had exchanged freshwater ballast from Europe with open ocean water, found euryhaline species
remaining in two vessels. We refer to this latter phenomenon as the Malinska Effect, and define
it here as the occurrence of a euryhaline freshwater organism surviving salt water ballast exchange
with the water subsequently released into a freshwater environment (we name this effect after the
M/V Malinska, a bulk carrier found to contain living euryhaline freshwater calanoid copepods,
Eutstemora affinis (originally in ballast water from Antwerp), after undertaking ballast exchange
in the Atlantic Ocean, and achieving a post-exchange salinity of 33 o/00).

For vessels completing partial exchange, it is now well known, from Australian, Canadian,
and U.S. studies, that residual water and orgunirmr  can occur in “exchanged” water. For example,
several bulk woodchip  carriers sampled in Coos Bay OR that had stated they had exchanged their
original coastal water (in the floodable cargo hold water) with ocean water all contained living
residual organisms in small numbers (in particular spionid polychaete larvae and certain centric
diatoms) from their original ballasting sites in Japanese ports (Carlton  et al. 1993). Williams et
al. (1988) reported the presence of residual coastal species (but in far fewer numbers) of
Japanese copepods  in post-exchanged water arriving in Australia. Hallegraeff and Belch  (1992)
found that of 32 ships that had claimed to have exchanged their ballast water in mid-ocean, 14
still contained “significant amounts of sediment, including dinoflagellate  cysts.”

Understanding the biological limitations of saltwater exchange on the survival of
freshwater organisms requires further study, with larger sample sizes than those available to Locke
et al. (1993) and with sampling of sediments (for resting stages) in vessels with original freshwater
ballast exchanged in salt water. The biological limitations of saltwater exchange on removing
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34~~+
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original saltwater ballast biota,also requires further detailed studies, focused both on the water
and sediments. Important parameters are the (1) extent of exchange accomplished (2) types of
vessels involved, and (3) the pre-exchange versus  post-exchange composition of the ballast biuta. -

Table 6-6 presents a summary of the resting stages of freshwater organisms that could
potentially survive salt water exchange. A surprisingly diverse group of taxa, representing
protozoans and 11 animal phyla, possess resting stages which may be capable of surviving
extended saltwater immersion (although experimental data for most of these taxa are lacking).
These organisms could thus be transported from foreign freshwater or estuatine sources to the U.
S. in sediments or water, both to the Great Lakes and to other major freshwater corridors.

Post-exchange salinity expectations under complete exchange conditions are relative to
where exchange took place. Based upon global isohaline oceanic salinity values (Figure 6-2)
salinities ranging from 33 to 35 parts per thousand (o/00) or mure  would characterize fully
exchanged water. Indeed it would be impossib’? to ballast up water with lower salinities than
these values in these oceanic regions (Figure 6-2). In reality, however, post-exchange salinities
will depend upon the volume and the salinity of the unexchanged original water remaining aboard
the vessel which will dilute the newly boarded oceanic water (see Tables 6-3 and 6-4).

.h..
The strict application ‘of depth alone as a focal point for exchange sites is limited in part by -

the proximity of such depths to some regions of North American continental shores, as shown in
Table 6-5.

TABLE 6-5 .

PROXIMITY OF 2000 METER CONTOUR TO SELECTED SHORE SITES
IN NORTH AMERICA

Location Pruximitv  of 2000  meter contour to shore .
kilometers miles

Eastern Canada
Off Cape Harrison, Labrador 125 80
Off Cape Sable, Nova Scotia 175 110

Eastern United States
Off Long Island, New York 175 110
Off Cape Hatteras, North Carolina 50 30

Gulf of Mexico
Off New Orleans 250 155

Western United States
Off Los Angeles/Long Beach 250 155
Off Point Conception 50 30
Off Straits of Juan de Fuca 125 80

Western Canada
Off Straits of Juan de Fuca 125 80

i Off Dixon Entrance (Prince Rupert) 100 60
Alaska

Off Prince William Sound 150 95
Hawaiian Islands

Off Honolulu 35 . 20
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The release of bandit  water at these and similar  puin~ relatively  close fu the shore may
permit the surtival and un-shure  traces  of released orgasm.  Thus, fur examples  crab or
sh~mp  larva; with p~anktonjc  lives of four to six weeks, du~ng  whjch  time they may notably
trave~e  great extant,  released in large number  at the d~tan~ shut above, may well be
carried  ashore ~~hure~.  Detaj~~  studies of hydru~aph~c  bran and coastal cu~ent~  reg~rn~  at
these close  tu ~~~~ deep wades ~~~e~ are rough relative to the ~p~ementatjon  of natjona~ ballast
water management guide~n~.

D~pjte the ~jmjtatiuns  noted in Box 6-&b, exchange of bandit  Waters supped  with
ba~~~t~ng  mjcrumanagement  in the pr~ent~un of urgan~m  uptake ~upt~u~  3-7) pru~de  the
~eat~t  putent~a~  fur reducjng  new b~u~ugica~  ~nv~jo~ fur vessels  our undergujng  re~tt~ng.

Detained  ubse~atjuna~  and e~e~menta~ studies are now  unde~ay and are being planned
in A~tra~ja and the Unjt~ States to address the ~~n~~ listed in Br- %b.

Vessel stress studies have bean ~nde~ak~ the Un: .$ty c ~ch~gan’s  Department of
Naval ~ch~tecture and I’!arine  ~~n~~nee~ng  (WC .rd et al. i992), *ee repr~entative ship
types were examjned  in ,&ail by computer  mude:. a tanker ~37~~7. _ P ba~~~t  capaci~~~  a
do-bunk  carrier (15,952 MT capac~t~~~  and a ~nta~ner  ship ~~~2~  MT capaci~~~  under variu~
hydrustat~c  cund~t~ons  ~stj~~wat~.chang~  in draft, trim, stabi~j~  and hull stress as a result of
ba~~~t  exchanger  and under Bt sea ~nditiu~  ~chang~  in the seakeeping beha~ur~.  Hull bending
mumen~ and stab~~jtj~ were examjned  to dete~~ne the tank-emp~ng uperat~uns  that wound
produce the great~t change in these parameter. Wuodward et aI. ~~~2~  fuund that bending
moment change did nut exceed, as erected, a~~uwab~e  sties-water  values. change  in GM
~gra~~ moment, a tenure of stabj~j~~  were ~nsjgnj~cant.  The worst hydrustatic  cases jdentj~
those condjtiu~ that shuu~d  be ana~~ed  in rough water, ~mputer  program results show “that i’n
waves of IO fuut sjgn~~cant  hejght  wave-indu~  bendjng  moment  and shears are far below the
design values pub~~hed  by the ~erjcan Bureau of Shjppjng.  On the other hand, in wavy of 20-
foot sign~~cant  heights  the rn~rn~~~  wave hejgh~  that occur u~~~una~~y  can cause moment  or
shears that exceed design value5 ~‘oudward  et al., 1992). This  study cr- zsluded  that
~~a~~astin~deba~~asting  at sea ca: -Z dune with safes as Iuc, as wave he. :Sts are beluw  a
m~mum  value. From  our smali  dample  of three ships it appears that m~~rnum  lies be~een  10
and 20 feet.”

Rugby  et al. ~~~3~  have noted the work of M. Grey in stress ~uctuatjuns  aboard a ~~~2~
DWT  vessel, relative to displacement  values in port  and starboard ship sectiuns  before and during
ballast excha~e. Stress var~atju~~ as measure by four d~sp~a~ment  gauge, were high, and held
to be und~~rab~e-  G, Ryan (Lake ~a~ie~~ ~~jatiun,  personal  ~mmunjcatiun~  1992) has also
cuntracted  separate studies on stress varjatju~ in Great Lakes vessels. Partjcu~ar  fucus  on vessel
size has been nuted by Junes ~1~~~~  who ~den~j~~  vessels of ~,~ DWT and above as those
that wuuld  be mure  ~jke~y  to ~mprumise  safety by unde~a~ng  exchange.

Henry ~~~~ noted that ba~~~~ pump a~teratju~ ~su~h  as *strunger”  pumps~  could reduce
the exchange process  time and thus jncrease  vessel safety. In generate  !?‘qer,  faster, and mure
pumps cuuld  decrease the durar:-n  of the exchange process, and sugg. ~te~~tia~~y  f~jtfu~ area
fur de-sign studies.
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23. Sediment Removal and at Sea Disposal

Deep sea sediment disposal is a highly desirable offshore disposal method for neritic taxa,
especially shallow-water species of toxic phytoplankton. This option involves the mechanical
removal of sediments from tanks when in a deballasted state (as might occur in sequence through
“open sea” ballast exchange). Limited time may be available fur tank access as reballasting would
under many conditions commence as soon as deballasting was completed. Access may be limited
due to cargo covering tank hatches. Air quality problems may limit access to tanks as well. At
sea sediment removal is a potential option given the specific circumstances for individual vessels.

Whether access-is available to sediment accumulations at sea or in port (option 29) a
chemical treatment option to treat sediments is in use within the maritime industry. A
commercial ballast water treatment product (trade name, Mud Conditione?$  manufacturer,
Drew Ameroid Marine Division, Ashland Chemical, Inc., Boonton,  New Jersey) has been
available for at least 12 years for sediment management (Figure 6-3). It ? described by the
manufacturer as follows:

“Mud Conditioner ballast tank water treatment is a high molecular weight polymer-
containing product. It is specifically designed and tested to condition mud and silt
bearing ballast water;p&enting dense accumulations in ballast tanks. When mixed with
ballast water during ballasting operations, Mud Conditioner ballast tank water treatment
reacts with the mud and silt to form large non-adhering particles. These large particles
then settle quickly to the bottom of the tank but are loosely dispersed so that they can be
easily discharged with the ballast water during deballasting. Mud Conditioner treatment
also can be used to aid in removing existing mud accumulations in ballast tanks.” .

“Mud Conditioner” is diallyldi-methyl-ammonium chloride polymer with acrylamide
(Chemical Abstract System number 26590-05-6). The product is a clear, viscous liquid of specific
gravity 0.990 to 1.020 and a pH of 4.0 to 5.0. “Normal clean out” procedure consists of adding 15
to 40 liters (4 to 10 U.S. gallons) per 1,000 tons of ballast, with treatment repeated each time
tanks are ballasted. The liquid is added during ballasting. “Rapid clean out of heavy
accumulations” consists of adding 100 to 200 liters (25 to 50 gallons) per 1,000 tons of ballast
water. According to product literature, “good agitation is required. Firehoses can be used to help
the product penetrate mud accumulation. Leave the treatment in the tank for 3 to 5 hours, then
strip it completely dry. This treatment may have to be repeated up to 5 to 8 times depending
upon the severity and density of the mud accumulation”.

Health risks to shipboard personnel are minimal according to product health hazard,
explosion, and reactivity data sheets (MSDS), with normal chemical safety and handling
precautions and methods applicable. It may be noted that under proper sediment management
procedures the sediment is still nof disposed of in, the port of call.

Deballastine Only
i

24. Deballast / No Reballasting

Smaller vessels (‘<2O,OOO MT for example) may be able to deballast and proceed inbound
without reballasting, especially under good weather conditions. Several such vessels reported
deballasting without reballasting inbound to the Great Lakes in the lower St. Lawrence River
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Typical Physical Properties
Appearance:
Solubility:
Specific Gravity:
Stability:

Clear  liquid
Complete
I.00 - 1.02
Stable under normal
conditions

Packaging
MUD CONDITIONER” ballast tank ur;lter
treatment is norm;llly available in 25 to 200 liter
containers (P/C!9531402  and 9531428).

F i g u r e  b-3
( c o n t i n u e d )

.-.

Important Information
Drew maintains Material Safety Data Sheets  on :tll
of its products. Material Safety Data Sheets
contain health and safety information for your
development of appropriate product handling
procedures to protect your employees and
customers.

OUR MATERIAL SAFETY DATA SHEETS
SHOULD BE READ AND UNDERSTOOD BY
ALL OF YOUR SUPERVISORY PERSONNEL
AND EMPLOYEES BEFORE USING DREW’!3
PRODUCTS IN YOUR FACILITIES.

MUD CONDITIONER ballast tank water treatment is now being used b major
shipping companies as part of their regular maintenance progntm.  It is available in the
major shipping centerS  worldwide and is backed by individual service when and where
needed. MUD CONDITIONER treatment is manufactured  to the highest
specifications. assuring consistent quality and performance.

.
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soles (I). Reid and H. q.33 ~euwen,  personal ~~se~atio~, 199f). ~e~a~~ast~~g  is not exchange
in rbe strict sense, as no ‘ew water was wrought  aboard. This  is a potential  untrue under ~~~~ted
c~~c~~ta~c~ for certain uessets,

Vessels unable to exchange  or de~a~~~t  their  water in the open ucean  may be able to
~~de~ake ballast ~a~age~e~t  in water < ~~ meters deep or indeed upon the ~~ti~e~ta~
shelf.  Such remorse  referred to in rubric Law ~~l-~~  s~tiu~ ll~~~a~~~~~~~  as “areas ethic  the
water of the exited States and the exc~~j~e  ~nu~~c  zone, if any, where the exchange  of
ballast water does not pose  a threat of inf~tat~o~.....~ have not been ide~ti~ed  in U.S. water.
~~~e~t  (1992~ ~a~ad~a~  ~u~u~ta~  G~ide~i~~  for the -:oi of ballast water d~c~arg~  from
ships breed:  z up-ti.-  : ;- refund ~~e~~ City” ~ru~de ic Law lO!- ~&tip  section  4.31 for
~cbange in in zmal C :adian water, ethic  the Laure .~~a~e~ (b-zqeen  61 and 63 degrees
ant ~~g~t~de~  and 4,ater de~t~ > 300 ~ete~.

~ack-uF mm ::e ~se~tia~~~  ~~ns~ure  ~c~a~ge’ ,u~~ared tu ‘~~f~~ore  ~c~a~ge~~ in
“open ~cea~~  water ~u~t~u~  22). The ~ta~~~~~e~t of th.. :3 zo~~ in US, coastal water wiII
require e~e~si~e ~o~eratiu~ and ~~~a~urat~u~  with ~~~jca~ o~a~o~a~~e~  relative to (a)
~~cr~sca~e  current and gye regilt, such as are found of~~ore of large e~~a~e~~~ and (b) the
corr~~u~d~~g  ~ote~t~a~  ~~~e~ ~a~~g secular,  tidal, wind, and other ~~ditio~s~  fur obscure
tra~~~rt  and ad~ect~o~  of of~~ore orga~is~s~  such that urga~is~s  (such as ~ero~~a~kto~jc
larvae) released in bahst  unsure  are not carried i~s~ure  doing  the weeks or busts  of a

. garage i~~erte~rate~s  ~~a~ktutru~~c  life in the water ~~~~~-

Ballast water, ut~e~se  ~~co~ta~i~ated  with, for example, ~etru~e~~  Frod~c~,  cuuld  be
discharged  director  into  a ci~‘s stage treatment faci~i~.  This untrue  is ~res~~a~~~  largest
r~t~cted  to fr~~water ~a~~~t,  or bandit  of e~re~ej~ Iuw satiric (< 1 u~uu~~  as the passage of
large ~u~~~~ of saltwater through  a stage plant would ~ute~t~a~~~  harm  or destroy  the bacterial
floras (and other urga~is~~ integral  to the plant urga~ic ~reakdu~  sited.

The hardware fur mm:. -11s  bud the ship to the stage sy ‘I to deliver large
volumes  of fr~~water to be dr sted, is ~~~~ke~~  to be a~a~~a~~e  at t ports,  nor are most
such  s~te~ d~ig~ed  at the SL. : (in a ~re-~~dra~t  like ~atter~ to i :ive s~rfa~ water i~~~t~.
At ~a~~ duc~~g faci~it~~  in the U.S.,  no sewage lines lead to piers ancl ducks. As a general



option, this alternative has further limitations relative to requirements, conditions, limitations, and
costs that would be unique to virtually every port a vessel used (the same hose systems for one
city may not work for the next, and so on). The widely differing abilities of sewage treatment
plants to handle different volumes of water also make general considerations difficult. A possible
problem would be the inadvertent introduction of exotic organisms, such as viruses, bacteria, and
nematodes, from polluted ballast water into the sewage plant.

While potentially applicable on a case-by-case basis, this option is unlikely to bear further
extensive development.

28 Discharge to Lighter

An emergency procedure, with long term development potential as standard operating
procedure, involves the transfer of ballast water from the arriving vessel to a port receiving vessel.
There are well-known, early precedents for this in maritime operations: oily ballast was at times
“lightered off’ one vessel to another to avoid harbor discharge (Amott, 1955).

While technically not difficult (although potentially requiring the same ranges of hardware
and hosing as discussed in opt@ 27),  one or more vessels would have to be dedicated to the task
of ballast lightering, followed by ballast water management operations for the lighter vessel itself.
In an emergency situation, a vessel found to have aboard water that would be prohibited from
being discharged would either (a) go back out to an offshore ballast exchange site, exchange
water, and come back into port again or (b) lighter off to another vessel that would in turn either
undertake (a) itself or have more sophisticated on-board treatment options (such as filtration
(with proper filtrate disposal procedures), ultraviolet, ultrasonics, or even classic sewer treatment
plant approaches, such as (Gutteridge Haskins  & Davey Pty Ltd., 1992) gravity settlement and
flotation, pH adjustments, centrifuge/pressing of residuals, etc.) than the donating vessel. The
cost effectiveness of this option (the original vessel staying in port to load cargo while the
lightering vessel disposes of the water) would have to be weighed in a series of economic
scenarios, and would vary dramatically by the proximity of the port to an exchange zone.

This option bears pursuit and study. A steadily growing fleet of ballast lighters over the
next one to two decades, composed perhaps of vessels that had outlived their useful lives on other
tracks, but which could be retrofitted for dedicated lightering, would potentially solve the “fixed
receipt and treatment” problem of options 1 and 26; in short, the discharge-treatment facility
could come to a vessel in question (as bunkering vessels and barges do now in many ports) rather
than the vessel having to arrive at a shore ballast treatment facility at a dock different than the
one for loading (or offloading) cargo. With a fned purpose mission, a ballast lighterer could
retrofit as a floating in situ ballast treatment plant, without compromising cargo carrying capacities
or other needs.

29. Sediment Removal and Onshore Disposal

.’ This option, integral to Australian, IMO, and other proposed procedures, is one of the
sine qua non3  of ballast management. It is now virtually inconceivable that ballast sediment
disposal would be allowed directly into harbor or port waters. In the past, sediments brought up
from tanks would frequently remain on deck until they were washed off by seawater hoses into
local waters, or as the vessel proceeded outbound from the port. Rapidly growing industry
awareness would now make sediment disposal in port waters tantamount to the disposal of
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garage at the same site. The avai~ab~~i~  of a chemical  mud treatment has been noted in option
23.

U~hore  dorsal  of s~imen~ should  not be substantiates  di~erent than the deposal
Stan any municipa~~ of large vo~urn~  of soil or sand, with the ex~ptiun of attent~un  to the salt
intent  of bandit sediment  and any ~tentia~  ~ntaminan~  in such’sedimen~.  The expenses ;
~vu~v~ in both the ~~~~u~ of tank or hold  sediment, and the ~~~ ~~~~~~~  c~~~~~~  specialty if
many tons are ~vu~ved,  wound  appear tu be the majur issues invu~v~.  Given these, option (23)
would  skews be chosen if sediment cuuld  be retained~  or heId  abuard, until the vessel was in ocean
depth  > 2~ metes  (as fur bandit  water exchanges.

~~hure  sediment dispusa~  is a pu~uab~e  uption.  In anticipation of this, port authu~ties
and dry duck faci~iti~  rece~~ng  furejgn  vessel tra~c (as well as for some dom~tic  vessel traf~c~
would be advised  tu have Iand d~posa~~~~  infu~atiun~ dump  ruck services, and costs  of these,
avai~ab~e  in the same form that all other information that ves -Is need for sanita~ ship operations
is re~~ar~~ ava~~~b~e-

IMO~~P~  widening ~R~o~ution  SW31 ~1~1~~  s~tion  7.3.3) sugg~t as an a~temat~ve
pru~ure ste~~izatiun  of sediment  #poor  tu being d~charged  into IucaI water bodies or
uthe~e  deposed-~ Except f~~rerne~~ small vu~urn~  of sediment  ~severa~  barreb,  for
examp~e~~  sediment sterilization  is not a IikeIy management option, given the amuun~ of
~dimen~ involved  soften  me~ured in tho~an~ of pounds.

30.

~~~~~  in pm, ~mergen~  chemical  treatment has been discussed at option 14. ~i~ter~ng  ballast
water as it is deba~~~t~ is technjca~~~  fe~ib~e;  such fac~~itj~  wudd in the future perhaps be
available  via a ballast ~ighterer  with  proper fihrate disposal  pru~dur~ ~up~~on  28) Hand-
operated W s~te~~  powered  into ballast tanks or holds,  rna~ have ~irnit~  a~~~~cation  in smaller
tanks, but no field  tests are available to demo~trate  the e~ca~  of such :abile bioc~dal  s~tems.

Active disinfection when a vessel is upon the port’s duu~tep  is nut a like& pu~uab~e
options  with the e~reme exception uf in ~~~ chemical  treatment. More probable wuuld  be tu
pursue option  28 ~~ightering~  or 31 ~wherein  the vessel,  prohibits  from d~charging,  would be
asked to retu~ to sea or to a prede~ned back-up exchange zune  and then cume  back to the port
after exchanging its watery*

fun-discharge of ba~~~t  water could  occur under two general situatiu~:

w %s a new part of genera1 shopping  uperatio~~  where a r~~ative~~  large pu~iun of
;ne capaci~  of the vessel is d~icated  to ~rmanent bandit-  Fur many,  if nut most,
vessels this action could  ~mprom~e  Argo ca~ng capability a~thuugh  some
vessels  currently  carry sume  amuunt  of pe~anent  or semi-pe~anent  ballast
water,



(2) As a part of emergency prohibition procedures under IBM (below).

Situation (1) is not likely to be adopted; for most present-day vessels the uptake and
discharge of ballast water is a required operational procedure. A cargo vessel arriving with 20,000
metric tons of seawater ballast does so with the expectation of discharging that water and loading,
a similar or greater quantity of cargo. Situation (2) is achievable under classic quarantine
procedures. Under these circumstances government authorities may be empowered to sea! ballast
valves while the vessel is in jurisdictional waters.

V. RETURV  TO SEA: EXCHANGE WATER

32. Vessel Returns to Sea and Undertakes Exchange

As discussed in the section “Integrated Ballast Management,” a vessel may be found to be
in possession of ballast water whose discharge would be prohibited by port authorities. For some
vessels this will inevitably mean an inability to load cargo (and in some cases unload cargo if
ballast discharge would be used to trim the vessel). An option is for the vessel to return to sea to
exchange water. This option may be the only option if (a) no onshore facilities are available to
receive the water, (b) no lightering  vessel is available or (c) returning to sea is less expensive than
offloading ballast water to shore or to a lighter. Costs of returning to sea cannot be estimated;
these would depend on the type of vessel, the amount of water, the distance the ship would be
required to travel to exchange water, and many other factors (including the potential of loss of
cargo to another vessel).

We were informed (during a NABISS/NV interview aboard a European-flag container ship
in Savannah) that this option has been exercised with a tanker in New Zealand, but we have no l
details of the incident involved.
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A now-cl~sic  body of ~terature address  the mean by which vessels have ~ntrolled  the
d~e!upment often ~ on their hu!!s and other external sumacs 1. Paul ~~scher~
of the Bureau uf ~~t~ctiun  and Repair of the US. Navy, resewed the “state of the art” as of
1928, with pa~icular  emph~~  upon  e~e~men~  with ant~ou~g paints and test panels  of
d~erent culors  exposed to deferent  light re~rn~- In 1942 the U.S. Navy issued an annutate~
bib!iu~aph~  of 185 reference pub!~h~  since 1930 on ~S~p-Bottum  Fuu~ng  and its Preventiun~
Roger 1942) The 20th centu~  landmark on fuu~g was, however~  the Wool  Hule
~ano~aph~c  ~~titutiun’s  ‘Make Foul~g and its Pr~ention~~  ~mpleted  in 1947 but not
pub!~hed  until 1952. Two  impu~ant vo!um~ fo!!ow~ in the 1960s:  Clapp and Ken!& massive
(1136 pages) bibliography  on ~Ma~ne  Borers’ ~~ve~g  ~terature from the 1500s  to 1954),  and
Turner’s shipwo~ munu~aph,  “A Surer  and titrate  Catalu~e of the ~eredi~dae~ ~19~~*
~st!ow and ~ipper~s  ~19~~  ~Ma~ne  Biudete~oration~  An ~terd~cip~a~  Studio*  based upun  a
1981 s~posium  pru~d~  a usefu! update in many  r,%ted subjects.

Uu~~de  of the US,, active in the !ate 195 Id 1~ xsuhed  in several useful
heathens.  hung these are a group of 20 ~~~~ paper that ap~ared  under the title of
bulge u~r~~~~~~~  i ~~e~~~~~~~  in the Trudv ~nst~~~ta Okeanolu~i of the ~adem~a Nauk
SSSR in 1961 and edited by I. V. Starustin.  ~cluded  are papers by sume  of the Ieading  R~ian
fuu!ing  biu!og~~ of the time,,~~~ud~ng  N. L ~ar~uv, G B. ~~ E. M. ~b~~~  ‘I. N.
Su!datova~  E. P. ~u~aeva~ and R. G, S~m~na.  This munu~aph  was tra~!ated  into Eng!~h  and
appeared in 1958  as ~Ma~ne  Fouling and Borers” (Israel Pro~am fur Scienti~c  translations.  In
1968 the Organization fur ~numic  ~-Uperatiun  and Development opals  ~UECD~ ~nvened  a
wor~hup in Por~mouth~  England on ‘Maine  Borers, Funks and Fouling Urgan~~ of Woodw~

- the proceedings were published  in 1971 brunt  and Elt~ngham~  1971) and are a m~sive \I
cumpilation  of informatjon* In 1963 the OECD also began publication of a usefu! series of
handbill  ~Cata!ugue  of Main Maine Fouling Organza ~Found  on Ships ~rn~ng into
European Wate~~-#

Thus, over 500 years of Iiterature are avai!ab!e on the matter of ship fouling and boring
organ~ms~ compared tu some 25 years of literature on the artistic life in ba~~t  water. It may thus
be expected that the Ieve! of soph~t~cation  in the foyer f’:,~ is considerab!~  greater than in the
latter field.  The pattern continue  at the end of the 20th ~~n~~~~~:  the Eighth ~nternationa!
angry on Marine ~rrosiun and Fouling was cunven~  in .~aranto~  Ita!y in September 1992,
while a worsts ~~nternat~una!  angry on Ballast Water and Sediments  has yet to be convened.
The  h~torica!  and modern-dam  u~gins  of this stri~ng dichutom~  are clear: ship fouljng  and bo~ng
organist  historica!!~  caused and ~ntjnue tu cause great losses to the ma~time  indite, whereas

. ship ballast organisms  have iargely remained a matter of ~n~rn fur biugeugraphers and
ecologist  (and un!y much mure  re~nt!~ fur ecolog~~ and po!jticia~~-  The vast impact of fouling
and bung organist  on the evolution of the ship and on shipping in genera! may be appreciated
by a modern calculatiun~  ~~hwaite  et a!. ~19S~~  ~uantj~~  the drag imposed by an organic slime
Iayer (a bio~lm~ one millimeter thick on a ship’s hull. They found that this layer caused an 80
percent increase in skin f~ct~un  tugether with  a 15 percent loss  in ship speed impart with
values fur 3 an hu!!. VesseF at ~ica!!~ carry many  ~ntimete~  of fuu!ing,  and 19th and
earlier centc vessels that ha xling ~rnmunj~  a thirri  ?f a meter or more thick on their
hu!!si,  were cir ir!y compromis. weir abilj~ to emotive,‘:  ,~ove  over  the Utah*

We have earlier review me of the literature on &ip fouljng  urgan~ms~  and noted that
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despite the abundance of monographic literature on this subject, little  is known of the extent to
which fouling organisms are now transported by ships into American waters, either on their huI!s
or other external surfaces or in sea chests and seawater pipe systems. There is a similar dearth of
information on the potential for water and sediments in anchor systems (especially the chain
locker itself) to serve as a transport medium for aquatic organisms. It is clear, however, that
many organisms may be transported as larvae or juveniles in ballast water and/or as adults as
fouling organisms on the outside of a vessel, resulting in occasional difficulties in interpreting the
exact mechanism involved which may have lead to the appearance of new nonindigenous species
in U.S. coastal waters. A recent example is the appearance in the mid-1980s of the now abundant
European fouling seasquirt Ascidiella on the U.S. Atlantic coast. This species may have been
transported either as tadpole larvae or juveniles in ballast systems, or as a fouling organism on
ships’ hulls.

The modern day control  of f&g organisms on vessel hulls  is largely affected by the
application of antifouling paints. Other techniques that have been or are being used include
(Fischer et al., 1984) ultrasonics, electrical fields, magnetic fields, optical (IN) techniques, nuclear
methods (radiation), thermal control, osmotic control, surface modifications, explosive removal,
velocity control and, of tiurse,  mechanical removal (scrubbing). Some vessels may still enter
freshwater intentionally to kill fouling accumulations. The leaching of heavy metals and other
toxic chemicals from antifoulirii’paints  has been identified for many years as an environmental
hazard. The search for alternative antifouling methods continues in the 1990s at a number of
dedicated laboratories (for example, the TN0 Centre  for Coatings Research, Department for
Corrosion and Fouling Prevention (The Netherlands), the Committee on Marine Biofouling
Control of the Electrochemical Society of Japan, International Paint/Protective Coatings (UK),
Xiamen Marine Test Station of Luoyang Ship Material Research Institute of the China State l ,
Shipbuilding Company (China), the Centro Studi  Corrosione,  Milan0 (Italy), the DSTO Material
Research Laboratory, Victoria (Australia), and by the United States Navy and Coast Guard, and
scores of other private, industry, and university laboratories). In contrast, there is no laboratory in .
the world dedicated to research on the control and management of ballast systems.

The con@02 of sewage disdrarge  from vessels is regulated by a number of international
conventions and national and local laws. Virtually all vessels must now have aboard an operating
sewage treatment plant or marine sanitation device. These systems are designed to produce
effluent discharges at various fecal coliform  densities. Chlorination is the primary chemical
treatment; ultraviolet systems are used in a number of shipboard sewage treatment plants.

The co& of sediments  and otgunirms  in anchor sy~lemr  is achieved in part (as discussed
earlier) by both manual cleaning of the anchor and anchor chain and by automatic washing as the
chain passes through the hawsepipe system into the chain locker. Sediments in the chain locker
are removed manually when they accumulate. As hawsepipe washing systems may be damaged or
otherwise modified or simply not always entirely effective, sediments (and organisms) may
regularly enter the chain locker. Most or al! chain lockers have drains; these may lead to the
bilge system. Such drains may become plugged and the locker may accumulate some water as we!!.
T!Y~ ability of the chain locker to support life is, however, poorly understood.

We previously reviewed the evidence that active development of antifouling mechanisms
combined with  changes in the shipping industry may have lead to a decrease in the transportation
of organisms by some of the above mechanisms. We also reviewed evidence, however, as to why
these mechanisms may still play an important role. Given this situation a study on the role of the
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Chapter 7.

FEASIBILITY OF IMPLEMENTING REGIONAL VERSUS NATIONAL
CONTROL MEASURES

Five areas of consideration are applicable relative to the potential implementation of
regional versus national ballast water management measures:

(1) The Existence of Ballast Wuter  Release

(2) The Existence of I.va.&m  as a Result of Ballast Wats Rehse

(3) TheAbiljlto~WhotSpeciesW~InvadeandWhenandWhereTheyWrll
Invade

(4)

(5)

The IWtence of Domstic Ballast Tmffic
_F-_.

The Potential irotection  of Sensitive Areas

We consider each of these below.

(1) The Existence of Balhst Water Release
.

Ballast water is released on every U.S. coastline. The types of vessels involved and the
nature of their cargo suggests that ballast water is likely to be released in every U.S. port that
receives any fype  of vessel &liver@ or faking on cargo. As discussed earlier, the movement and
release patterns of ballast water, and subsequent secondary dispersal mechanisms, are such that no
coastal sites, whether they receive direct shipping or not, are immune to ballast-mediated
invasions.

The probability of invasion is determined, as elaborated earlier, by numerous factors. The
role of the volume of ballast water released, one potential factor, is not yet understood in terms
of the appearance of invading species. Thus,  relatively small volumes of ballast water are released
in the Gulf of Maine from Europe, and yet at least two marine invasions (a European seaslug  and
a European bryozoan)  linked tu ballast water appeared on the Massachusetts, New Hampshire,
and Maine coastlines in the 1980s. Very large volumes of ballast water are released at New
Orleans, and yet there are few reports of invasions in the Gulf of Mexico. A necessary
relationship between volumes of water released and the numbers of introduced species remains
elusive. (While New Orleans is a freshwater port &d much of the water released there is
saltwater, a large amount of saltwater must nevertheless be released in the brackish or salt regions
of the Gulf region near New Orleans).

(2) The Ektence of Invasions as a Result of Balht Water Rehzse

Ballast-mediated marine invasions have occurred along a!! U.S. coastlines (Table 5-l) with
the exception of Alaska (which, however, has sustained non ballast-mediated introductions related
to the Pacific commercial oyster industry). The number of invasions along these coastlines is
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The e~stence  of few ~~vas~u~s at &~rta~~  sites in henna and the e~ste~&e  of sum
reglues  that receive little ballast water, day ~evert~e~~s  ~~t~~~e  to foster pute~t~a~  t~~~~~g  that
control of the release of ~a~~ast  water at such sites is nut as ~~t~~a~  as at other reg~u~s, ~uwever,
the ~uve~e~t  of ~~~es~~  ~~~~~sr  ~~~er  ~e~ee~  ~~~dre~ uf larger and smaller US. ports ~ea~s
that the ~ute~t~a~  fur the &u~~u~~ta~t  ~uve~e~t  of exotic species is very high, Fur exa~~~e~  .if l
no ~a~~ast  ~a~age~e~t  reg~~atju~s are in place,  for Port A, ~e~ause  it is ~er&ejved  t&at the site is
at lower risk fur ~~v~ju~s,  exotic species released at that port could  be ~a~~asted  up by du~est~~
coastal traffic and tra~s~urted  to Port 8, where regu~at~u~  day be in plac-5 ~j~e the “fruit
door” is being ~r~t~~~~d~  the “side door” wuuld  recant open. Thus,  fur ex;:z$e, t&s se~u~da~
transport by ~~~~~ .3ffGz  has a strung  ~ute~tia~  of aunt :, ~rga~~s~s es~.*~~~s~ed  irr the St.
~a~e~~e  River I 5 Great Lakes, of suing zebra m 4s from the C;rzat Lake? to other
fr~~water U.S. pi.. jr of ~uvj~g  the Asian clam from Sari ~ra~~~s~~  Bay into other west coast
~ar~~~.

~~e~sjt~ve~  coastal regards  may be ~ruad~y  deemed  as relatively  ma& retreated sites where
great value ~e~~ru~~e~ta~,  social, a~t~et~~,  e~~~u~~~,  or ~t~e~se~  is placed on ~a~~ta~~~~g  the
resu~r~es  as they are, and where focused d~tur~a~~  could  easily  and radj&a~~y  alter those values.
~a~~~es wuuld  ~~~~ude  (a) ~a~~u~ture  and a~uacu~ture  sites, (b) reglue  of naturally  ~r~du~t~ve
~~~~~  a~d~~r  s~e~~~~~  ~~er~~~  (c> reserves and sa~~tuarj~ that attempt to preserve re~a~~j~g
~~~atura~  areas from further hulas a~teratiu~,  and (d) sites bud to have rare a~d~ur
endangered barge or ~a~tj~~  +Ilants  and a~j~a~. ~dre~ and Liu  ~~~~  discuss in detail
addjtju~a~  de~~~t~~~s  and exar s of #e~~ru~~e~ta~~y  se~sjtjve  areas* in the sea. ~a~~egrae~
and f3ulcfl  ~~~~~  discuss the 1; i~at~u~  of ~a~~~t  water ~a~age~e~t relative to dj~u~age~~ate
j~trud~~t~u~s  a n d  a~ua~u~ture  S.



Direct  ballast release immediately adjacent to these types of regions could  be prohibited.
Such regulations could  be part of broader policies that would prohibit the release of exotic species
by any means. However, many “sensitive” areas (as defined above) are within hydrugraphic
regimes where exotic species could be carried by domestic ballast water or naturally by currents
from larger port systems (which themselves may not be considered “sensitive” areas). Because
these harbors are likely sites of ballast release and thus nunindigenous species inoculations,
equally high priority for ballast management would need to be applied.

We conclude that there is no Iocation  in America’s shallow marine and estuarine waters,
or in the freshwater rivers of America receiving Ocean  shipping, immune from ballast-mediated
invasions. National implementation of ballast water management is indicated.

.
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chapter 8.

~~U~~D  Baby ~~UE~E~  ~~B~~

The IBM ~~~~

As disposed  earlier, four major apprua~h~ can be taken to bandit managements  vuyage~
vessel, indites  and treatment (the t~~hutumy  of “shipboard,  Gus-bled,  and land-b~ed#
treatments  as pru~s~  by U~tte~dge Hail and Davey Pty Ltd. ~~~~ falls ~thin our voyage
ap~rua~h  herein~.  Box 8-1 friend and a~ang~ se~ecre~  ~p~~~ fur the Vessel ~~~~~~~  (based
on e~sti~~retru~t~new  vessels) and ~nd~s~~  ~~~~~~~ and (fur referent  ~u~us~~  ~~~ ~p~~~
fur the ale of) ~~~~~n~  ~~~~~~~*

Fur the Vessel ~p~rua~h and the Ind:. ~~prua~h  we have focused upon those
a~te~ativ~  that, Lassed  upon the abut -ant:. ms di ‘, are those rr : likely to be
pu~ued fur further study. These are:

~~~ U~~Q~ ~~
U~tions  3-7 Ba~~~tjng  ~~~rumanagement

~~~Q~  Quip ~~~~ u~~ff~
U~tju~  7 and 19 ~i~ru~~tratjun
U~tiun  f f ~~tra~u~et  treatment
U~tiun  12 ~~tr~uni~  treatment
U~tiun  16 belay treatment  ~mure ~rubab~e fur new denser  ~es~~~
U~tiuns  10 and 20 ~terjng  Water ~a~ini~
Upt~u~ 23 and 29 sediment management

I

~~~ ~Q~ R%r~ ~~~
Option 24 Deba~~ast~u  ~eba~~~ting
Option 22 ~~hange
Option 25 Back Up ‘- .?es: Det or ~~hange
U~tiun  28 Dis~har~ load) t ~eptiun  Vessel
U~tiun  31 Nun~Dis~ ,;: of 5%.
Option 32 Return tr 4: Deba~~~~~Nu  ~eba~~asting or ~~hange

In order to decrease the number of intrudu~tiuns  in the futures  a ~omprehensjve  s~tem of
ballast management could  be ~unsidered.  This s~tem could  be based as much as ~ussjb~e  upon
shurt-term  pursuable  options -- that is, those suitable  fur e~sting vessels.  Must proposed
~a~ternativ~~ or #u~tiu~~  are nut immediately  applicable  to present day ships. The invu~atiun  of
~~tratjun~  or heatjng,  or other technj~ues,  may be apprupr~ate  fur vessels of the future neither
retru~tted ur newly  but offer little immedjate  su~utiun  fur present day shipping.

An ~~~E~~~E~ B~~~~  ~~~E~E~ ~~B~~ ~rugram is ~ru~used  here as a
~stup-gaps  managemenr  s~tem.  This ~rugram  in~~~rat~  no new t~~hnu~ugi~~  it deep
inaugurate  new ;.ograms~  such as the U~uba~ f-‘ Zput  ~~~~grarn,  t1 establishment  of ba~k~u~
exchange  zones, .x3 the ~tab~~hrnent  of biu~ug. i ~~unit~~~ng labs: .A&ZS. IBM is i~~~trat~ in
Figure 8-L IBM s a tr~~hutumuus  program ~n~~~~~ng of:



BOX 8-l

CONTROL OPTIONS: GROUPINGS OF SELECTED OPTIONS
BY CONCEPTUAL APPROACHES

(For VOYAGE APPROACH: See Table 6-1)

VESSEL APPROACH

FM existing vessel3
(short tern options)

Ballasting Micromanagement
A l Global Hot Spots
V l High Sediment  Loads
0 l Sewage Discharge
I * At Night
D

Alter Water Salinity
Exchange
Transfer to Reception Vessel

Sediment Disposal Management
Deballast/No  Reballasting
Non Discharge
Return to Sea/Back Up Exchange
Zones

For retrojit  vessels
Issves

(long term options)
Microfiltration
Management
Ultraviolet
Ultrasonics

For new vessels
(long term options)

Microfiltration
Ultraviolet,
Ultrasonics
Thermal Treatment

*Post-installation (on line) would lead eventually to low-to-moderate changes in SUP.

INDUSTRY APPROACH

Change r0 Standhf Ewn0mic Level  of Human
Operatiw  Prcwdum  Immd and Vessel  Safm

No change

(No options)

..P.L,

[All options
have an economic
impact, but no
absolute rankings
are yet possible]

Unrelord  r0 Safq  Isnrc~

Ballasting Micromanagement
Microfiltration
Nun-Discharge

.

hhderate  change Potenridiy  Related to Safzty.
f’sF.rm--- ‘,F -

Ballasting Micromanagement Sediment Disposal

Alter Water Salinity
Sediment Disposal Management
Exchange

Offload to Shore, Reception
Vessel

Ultraviolet
Ultrasonics
Thermal Treatment
Return to Sea/BACKUP

Exlemive  Change Reiizred  ro Safety Issues

Microfiltration*
Ultraviolet*
Ultrasonics’
Transfer to Reception Vessel
Non-Discharge
Return to Sea/BACKUP

Exchange
Ultraviolet
Ultrasonics

Thermal treatment

1 7 9



Light: U~tra~u~et  fight

Sound: U~trasunj~

Electrical  Treatments
Mj~ruwav~

belay: ungreased
Temperature

Pa&an: Biu&ida~  Agent

Damages High Water
Ve~u&i~

Sa~ini~:  Decrease (if SW~ lo,20 fun-Dis&harge

Untiun

11, 19

l.g.19

17

16 Sediment D~pusa~

13, 14,
15,30

9

or In&ease (if FWj .

hulas  ~gen De~rivatiun  18

Time: ~n~re~e  ~ngth  of
Voyage

21

--

~~hange

Deba~~ast

Uf~uad  to Shore,
Re~eptiun  Vessel

Un~uad  Treated c*
Fresh Water

Return tu Seal
Back Up ~~hange
Zone

Untjun

3,4,%  6,
7

2% 25

24,25

23,29

26, 27, 28

31

32

Untiun

8, 19

.



Figure 8-l

INTEGRATED  BALLAST MANAGEMENT  (IBM)
To Reduce the Risk of the Release of Nonindigenous Species

BALLASTING  MICROMANAGEMENT
At Departure  Port

BALLASTING PROHIBITED
IN GLOBAL HOT SPOTS

Site is Not Site is
Hot Spot Hot Spot

I I

DO NOT BALLAST UP WATER:

With High In Areas of At
Sediment ’ Sewage Night
Loads DischargeI

Attempt Ballast
Elsewhere

Ib
Relocate Cadnot
tu nun- Relocate
Hot Spot

I
Ballasting

I
Hoi Ship in

Permitted .h.. Ballast !I HOTBOB
I

MANDATORY  BALLAST  WATER EXCHANGE PROTOCOL.

Cohplete  Exchange
En Route

b I
HOTBOB 1All Other

Vessels

I
1

Incomplete or, No Exchange

HOTBOB All Other

L

.

Release/ Must Proceed to and Deballast
Exchange or Exchange in Back Up

I PROHIBITED Exchange Zone  (BACKUP)
I I I I

Return HO’fBOB: All Other
to sea Release/ Vessels

Exchange
N O T

I
I

PERM7&plete

I
Exchange Exchange

I I
STATUS (Q): STATUS (R): STATUS (P): STATUS (Q): STATUS (R): STATUS (Q):
Quarantined Restricted Prohibited Quarantined Restricted Quarantined

= Stafus*n-Anivol  Pathways
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(1) Ballast Micromanagement at the Departure Port

(2) Ballast Water Exchange Protocols

(3) Ballast Sediment Management Program

A vessel following through departure micromanagement and exchange pathways is assigned an on-
arrival status in one of four categories:

(P) A vessel prohibited from discharging its ballast water

Wra* ( Q ) A vessel prohibited from discharging ballast until exchange status
has been determined from salinity measurements and biological
sampling

ReStkid (R) A vessel prohibited from discharging ballast until exchange status
has been determined from salinity measurements and possible
biological sampling if required_.--..

Penn&d (PT) A vessel permitted to discharge its ballast water

Ballasting Micromanagement

Ballasting micromanagement has been discussed in the previous section. Through a .
system of international and national conduits, ships’ agents and port authorities advise each
arriving vessel as to whether the harbor or port waters have been classed as a “Global Hot Spot”
(control option 3) and why. If it is a Global Hot Spot, a vessel is advised to relocate for
ballasting outside of the designated area. A Global Hot Spot Program (GHP) has not yet been
established, but occurrences of certain nuisance species -- such as blooms of toxic dinoflagellates
(“red tides” and other water discolorations) are likely to be known to regional fisheries authorities
if not the port authorities as we!!. A vessel unable to relocate and that ballasts up at the Hot
Spot site becomes a “hot ship in ballast” or HOTBOB  (“hot ballast on board”). Additional
micromanagement techniques are applied here as well: avoidance of waters with high sediment
loads, regions of sewage discharge, and avoiding ballasting at night (options 4, 5, and 7,
respectively).

Mandatory Ballast Water Exchange Protocol

None of these procedures replace the need for ballast water exchange (option 22). The
locality and extent (volume) of exchange are established by examination of the vessel’s “ballast
log” (see Recommendations); severe penalties would attend falsification. Under IBM two basic
ty$~ of exchange are recognized: complete and incomplete/no exchange. Under each type a
HOTBOB  folloti  separate pathways. Complete exchange is declared by the vessel as the
deballasting  of virtually a!! of the “pumpable” water from a given tank or hold, followed by
reballasting.  A HOTBOB  undergoing complete exchange nevertheless receives an automatic
Quarantine status; a!! other vessels are automatically placed in a Restricted status. Incomplete’or
no exchange encompasses a!! remaining vessels. A HOTBOB,  depending upon the hot spot from

183



whjch  it u~g~nat~,  may ~nta~n, or be b~~jev~d  to cuntajn~  urgan~ms  that are cadged  to be of
high risk even to a back-up  exchange zone (or BA~~~P~. ~Hjgh  risk” wo~!d  be de~ned  ~th~n
tile  GHP s~tern~  and would  ~nc!~de organza  which wo~!d have a probabi!i~ of saving and
~pr~~c~ng in the BARHOP,  or of saving fur a suf~cient  !~ngth  of time to be carried by
amend  in and ad~a~nt to the BACKUP  to water where they mjght  be able to survey A
HO~OB not in this categu~~  and all other vesse!ss,  would proceed to and deba!!~t or exchange
in a BABY (this wuuid  require, therefore~  that such zones be ~tab!~hed~. A HO~OB  tin
this pathway receives an a~tumatic  quarantine  static al! other vessels will be dete~ined  (by
vessel d~!aratiun~  to have ~nd~rgune  Esther a ~mp!ete  or ~n~mp!ete exchange in the BAe~~P
and receive a stats of R~t~cted  or Quarantined  r~~t~ve!y.

Al! vesse!s on arrival in the d~tinatiun  port are thus either Q, R, or P ~Fig~re  8-I). A
~~a~nt~ned vessel must be samp!ed  both fur sa!~n~~  ~fo!!o~ng  the d~chotumy  fur R~t~cted
vessels, ducked next) and for the b~u!u~ca~  imposition  of the ba!!~t water (a ~iusamp!e~  in
the IBM flow charter  Restrir.  I-? vesse!s  art -u sampIed for their sa!j~~. Fe- t-*easels  ~rj~inating
in ~~hwater~ those ente~ng :rh water !e an 30 o~uu  would  be subject to :.irldatl:ry
b~o!u~ca~  samp!~ng~  those wit water equal x greater than 30 o~oo  would t 9 abjec : tc “spot
chec~ng~.  Fur vessels u~~n~~~ng  in bra&i: Jr salt Waters  those with water !e,; shan ?3 o~uu
wo~!d  s~~!ar!y be subject to mandator  bjo~ogica!  samp!~ng,  and those with water greater than 33
0~~ to only “spot  che~~ng~. These sa!~n~~  values are based upon the discussion  in the above
text (see Table 6-4 and Fig~r~,~~~~. It is important to note re~ona! exceptjons  around the
world,  such as water from the e~tern Med~te~anean  Sea -- whjch  can be as high as 39-40 u~ou~
but co&d arrive ~~~~~~~ge~.  In this, as in a!! cases, however, exam~natiun  of the ship’s log
would  reveal that exchange had nut taken place.

The goal of b~u!ug~ca!  samp!~ng  is to identi~ the presence of urj~na!  fr~hwater~  ~t~a~n~,
and~ur  cuasta! organ~ms  remaining in the water. Pa~jc~!ar  goals may jnc!~d~ the determination
of the presence of speci~c  species frum a G!uba! Hut Spot. At this time, no ~pe~issib!e~
rn~rn~m d~nsjtj~ of any urganis~  have been identi~ed.  If sedjment  is presents  the presence or
absence of cysts of d~nu~age!!at~~  and the exact species present, could  be ~tab!ished.  The
presence or absence of other cysts of other urgan~~ (and of abbe any other living organjsms~
could be determjned as we%

Bju!ug~ca!  samp!jng  remain one of the must di~c~!t  technulugica!  aspects under IBM-
~~~c~~nt  replicated  sampies  rn~t be ~!!ect~~  in a sc~entj~c  manners  from as many tanks or
hues  of the vessel as ~~~b!e; deferent  samp!~  ~~~ be ~o~~e~~e~  frum tanks or holds  ~nta~n~ng
deferent  water. It is ~rn~~ant  tu emphasj~ that adequate bio!ogjca!  samp!~ng  cannut be
ac~mp!ished  by the s~brnj~~un  of a sing!e  sample from a single tank to a cuntracted anal~ica!
~a~~tu~. ~arnp~jng  will ~jca!!y ~~jst  of either direct use of a p!anktun  net or of posing
ba!~~t water (via a fire hose  or other u~t!e~ frum  ~denti~ed  tangy thru~gh  a samp!jng  net ~the
mesh size uf which would  be dete~jned  depending  upon the Ievel of r~o!~tiun  d~ired~.  The
quantum  of water sampled  will  vary depending  upon  time avaj!ab!e, meth~ of access to the water,
and the amu~nt of water in the tan~u!d  s~tem.  The d~e!opment of biu!ugica!  samp!ing
methu~  and t~chnjques  is beyund  the scope of this study,  but it is ~rn~rtant  to note that an
~r~t~ct~r~~  Saturn s~p~rt~ng the cull: 1 ‘qn, ana!~js, and repo~jng upun  of such samp!~s  will
have to be establis‘  =d at sume level. C ,*d state or federal !a~rator~~~  will be req~jred  tu
process sarnp!~‘ E i ~rn~~ant  to not L -i .~~~~e the ~~~cKl~es ~n~ol~;e~  in ~en~~g the
o~~~~~re~e~t ir i .~~~p~e  ur in the ti, .~~~~  t~~ to~~e~~  D ~~~p~~~  The t*- -,nurn~c
expertise tu ~denti~  ~~~ng or pr~e~ed  or~.~~~~~  from around the world -- rangjn~  Lrum the
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larvae of crabs and shrimps, to copepods, to dinoflagellate cysts -- does nut exist in any one
institution.

In Oregon and recent Canadian studies an emphasis has been placed upon the
examination of living samples. This is a particular critical procedure in understanding the success
of ballast water exchange for freshwater and brackish water organisms. The dead bodies of such
organisms, freshly killed in high salinity water, may remain floating in the tank. If collected and
immediately preserved it will often be impossible to determine if such organisms were alive at the
time of sampling (even with the application of vita! stains).

No “simple”, “non-expert”, “instant“, “quick” or “litmus paper” tests of the biological
composition of ballast water have been established. The only approximation of such a test would
be to examine a biological sample for the presence or absence of a single target  organism, or type
of organism (such as a specific species of dinoflagellate, or all dinoffagellate cysts in genera!).
With sufficient repkated samples the absence of such “i-ioindicators”  could be established within
certain confidence levels. But samples without the target species will almost certainly contain
other species -- identified, unidentified or unidentifiable organisms, for most of which the risk of
release into the environment is simply not known. IMOMPEC  guidelines (Resolution 50/31,
section 7.3.10) note that an arrting ship could have the option to “prove, by laboratory analysis,
that the ballast water is acceptable.” Other than “proving” that the water is abiotic  (contains no
life of any kind) it is difficult to conceive of a level of acceptability.

In the present reality,  without a system established to handle and process biological
samples, sampling would be bypassed in the pathway and only salinity measured. If exchange was
not satisfactory (based upon salinities less than minima!), release would be Prohibited, and five l

options would be available: the vessel would return to the BACKUP (unless already a HOT’BOB
prohibited from utilizing the BACKUP), or return to the sea beyond the BACKUP to exchange
or deballast,  or discharge its water to shore, or discharge its water to a lighter vessel, or do not
discharge. In reality,  discharge-to-shore or discharge-to-vessel options are not likely to be now
available to most ships at most ports, and no discharge may be a non-option if cargo is to be
loaded. Returning to sea to an exchange zone will, for most ships, incur an expensive alternative.

A SEDIMENT MANAGEMENT PROGRAM is identified at the bottom of Figure 8-1. As’
identified in IMO and Australian guidelines, sediment deposition in coastal waters would be
prohibited. Sediment from ballast cargo holds, ballast tanks, and chain lockers would be disposed
of in or beyond a BACKUP or onto land. For the latter, it can be presumed at this time that
most port authorities do not have specialized facilities to handle such sediments, and thus
sediment disposal would have to interface with standard urban landfill and waste disposal systems
available. The constant, vigilant removal of sediments from tanks and holds serves  two functions:
one, that the sediment itself will not be disposed of improperly and two (as noted below), that
sediment build-ups do not setve  as a sink or source of residual organisms.

Numerous complications attend the establishment of an IBM. These pathways are replete
with exceptions, novelties, deviations, peculiarities, and irregularities. By the very nature of the
thousands of possible combinations of vessels, tanks, and ballast histories, IBM -- as wirh off
quarantine systems -- possesses potentially numerous holes in the dike. Integral to any quarantine
system is that the system is a filter, but not an absolute barrier. Invasions will  continue no matter
what rype of baL?a.rl  management sjstem is im@e?nenfed,  IU)W (K in thefuturc. A network of tens of
thousands of agricultural agents and inspectors around the world has not stopped the introduction
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of pest insect species. This apparent failure of the quarantine  s~tem is, however, se~nda~ to
their scccess  -- which  semes  to reduce the diverts  ~numbe~  of specify  and abundance ~numbe~
uf ~nd~~d~a~~  of putent~a~  ~~unjs~. In the case of bandit  Waters management “holess”  have been
djsc~sed earlier: ships may declare that they have no b~~~a~~  on board ~N~B~B~~ ur
~~~~~pa~~~ b~~~&s~  or that they do nat intend to d~s~~~~e  b~~~~~~  Vessels with “no ballast on
buars in fact a~must  always do have ballast on board, but in quantjtj~ that are foddered
~n~c~~e  by Edith  standard  step or hundr~  of tubs, ~np~mpab~e  ba~~~t~  may intake
Lir%g urgan~ms from a precut port; new ballast pumped into these tanks or holds,  and mixed
with the unpumpab~e  bandit,  wiI1 of cute then ~nta~  whatever r~id~a~  urgan~~  were
proudly  present - when the “new ba~~~ta  is p~rnp~ out, urgan~~ from the pre~u~~y
~~npumpab~e~  bandit may be released. Vessels  that do nut intend to d~charge bandit may find
the~e~v~  in a situation  where deba~~asting  is Nepal  a~thuugh  it was not ant~cjpated  -- such as
the ~ne~ected  oppu~uni~ to take on mure  cargo, or p~s~g under a bridge at an un~ua~~y  high
tide, or, indeed, even r~nn~ng  a~uund on a sha~~ow sandbar. Perhaps the largest hole in any IBM
is the present  of sedjment  -- not simply  the a~untab~~j~  fur the deposal of t!- ~iment,  but
that thruughu~t  exchange operatju~,  sediment  may remajn  in the s~~tern  -- prus a ‘bang of
re-in~~~at~un  of newly balloted water by r~~dua~  species nut deba~~~ted.

who wuuld  perfu~ vessel mun~tu~ng  and samp~jng?  At present the Unirt_.  States Coast
Guard, an agent largely ~thout  bju~ugica~  e~e~~e~ has been assigned management authored
A potentially  cuuperative  agen~.~ CHAP, an agent  with a ~~~derab~e amuunt of general
bjo~ogica~  e~ertise, and the only  federal agent  which  boards ~~~a~~y  aH for~jgn  trade vessels
ente~ng port, U. S. ~~tu~  cu~ent~y  also ~~~ec~  vessel data ~whjch  are tra~fe~ed  to the US
~ns~ Bureau fur pruc~sing~.  A ~uperative  program be~~n  the U~~G~ ~H~~,  and
.~~tu~  could  be ~ns~dered to manage the vast amount of data that would  be ~~~ected  and that
would  require proc~sing. The ~nte~ fur Disease ~ntru~ and the Food and Drug
Adm~n~stratiun  could part~c~pate  in ~tab~~hing  monitu~ng  pro~a~ and technjq~~-fur  the -
presence of human  and other pathogens in bandit  water and sediments

The ffPh~~~sunhy  of 3a~~~t Managements  (Box 6-l) is that ~a~~~t water and sediment
management she, c:ek to prevent the jntroductju~ ! organ~~-.-.~* IBM seeks to insert as
many ~ott~enec ; ~ssib~e into the eventual  biut: ~s~tiun of a~i~ng ves4s. As the
~tab~~shment  o i quarantine s~tem pruner,  t- usjtiun  upon along  t-a% in terms of
delays and thus L IS jne~tab~e.  A large amount of r.ir cxwurk may a~umpany  such sited.
In practice and ph~~osuphy~  huwever,  the ~tab~~hment  of ~~ ~~~ ~~~~ shuu~d  be
expected to fo~~uw  standard quarantine science practj~. These practj~,  as applied  to arrj~ng
p~enge~  by air or boat, or to ag~cu~ture,  or to the cut-~uwer  indite,  are an jntegra~  part of
tourism and ~mmerce, whereon  user groups in those ~ndustri~  unde~tand  and expect delays and,
in large part, unde~tand  the ~nsequenc~  and risks of being discovered  to be in a pruh~bited
posture  by virtue of being in pu~~iun  of pruhib~ted  mate~a~ or by ~nf~tatjun  with  pest species.
fn the present case the ana~ug~e is being in pu~~jun  of pruh~b~t~  ballast water,
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Chapter 9.

CONCLUSIONS, RECOMMENDATIONS, AND EPILOGUE

Relative Ranking of Vessel Dispersal Mechanisms

The relative importance of various vessel dispersal mechanisms cannot be quantified on
the basis of present knowledge. No forma! studies exist, for example, that have simultaneously
examined the organisms b ballast systems and on the hulls of the same vessels at the same time,
nor for any other mechanisms on the same vessel at the same time. (Carlton  et a!. (1993) refer to
a Japanese woodchip  carrier in Coos Bay, Oregon, where hull waterline fouling organisms (algae
and barnacles) and ballast water were sampled). Subjective approaches, based in large part upon
the numbers of observed invasions combined with probable transport mechanisms for each species
(that is, working backward from the discovery of an invasion to its Wnsport mechanism), suggest
the categorizations shown in Box 9-1, in what is a probable relative order of importance at the
close of the twentieth century. The focus in Box 9-1 is on vessel dispersal mechanisms relative to
their roles as agents of transportation of nonindigenous organisms from foreign shores to United
States waters. Some mechanis,ms  (such as aquatic organisms in live holding wells in fishing
vessels, or marine life transported long distances in ftihing  nets and trawls) may more often play
critical roles in the movement of nonindigenous species within United States waters.

The transportation of aquatic nuisance species in ballast water and sediments is almost
certainly the current leading mechanism of vessel-mediated dispersal mechanisms for shallow-
water marine and brackish organisms in the world, and, fur some regions (such as the Great -
Lakes), freshwater organisms as well. The dispersal of fouling and other organisms on ships’ hulls
and in ships’ seachests (perhaps, as argued above, the modern-day equivalent of deep shipworm
galleries of nineteenth century vessels) ranks as one of the top two mechanisms -- but this role is
obfuscated by the potential assignment of a number of species to either fouling or ballast
transport.

For an understanding of the modern-day importance of fouling communities on the
outside and inside of vessels, and for an understanding of the role of the other vectors discussed
here and listed in Table 3-2 and Box 9-1, scientific field studies are critically needed. In turn,
these must be placed within the larger framework of the role of other mechanisms (in particular
the aquaculture-mariculture industry) that bring in and release nonindigenous species to United
States shores on a regular basis.

The Shipping Study: General Conclusions

1. All modern ocean-going ships are biological islands acting as biotic conveyor belts,
transporting around the world and to the United States, on any one day, hundreds to
thousands of species of plants, animals, and, potentially, human pathogens, in their ballast
water and sediments, in seawater systems, and on their hulls. Numerous marine organisms
have been introduced to American shores on and in ships fur over four centuries, and
continue to be introduced on a regular basis.

2. Theoretical and limited empirical evidence suggests that fouling on ships’ hulls and in
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3. Nut able to be ranked separately  ~th~n a third class with present ~uw~edg~~

Sewage System Wat,
the ~o~po~~  ; of ~~~fe~~, vilest ~~ otter  rnicroo~~n~~  in a vessels
sewage ~stem.

4. Largely  e~jn~t global  me~han~ms,  but perhaps e~ant  regjuna~~y:
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seachests may still play an important role in the introduction of exotic species to
American shores. Without any modern studies on the fouling communities of ships
arriving in American ports, it is and will continue to be difficult to determine which of
many introductions are due to ships’ fouling or due to ships’ ballast water. The role of
semisubmersible exploratory drilling platforms, which have been very briefly documented
to bring to America whole new suites of aquatic organisms not associated with normal
shipping, remains virtually unknown.

3. Ballast water is used by tens of thousands of ships on the world’s oceans, canals,
navigable rivers, and large lakes. Ballast capacities range from hundreds of gallons to
tens of millions of gallons of water. Ballast water is taken aboard ships to diminish hull
stress, to provide proper stability and trim, to aid in propulsive efficiency, to aid in
maneuverability, to compensate for consumption of fuel and water and to provide for
operational needs. Ballast water is an integral part of shipping operations, as was its
predecessor, ballast rock and sand, for centuries.

4. Ballast is pumped or gravitated aboard vessels. Coarse screens (plates) keep out large
objects (wood, debris, larger fish, seaweed, etc.), but a!! suspended materials -- organic and
inorganic -- less than one-half inch in size may be drawn in to the vessel. Large amounts
of sediment (mud [clay and silt], sand, and even coarser material) are inevitably entrained
and brought into the ballast tanks and holds, providing a secondary substrate and habitat
for organisms or their resting stages (cysts) in which to live or be’deposited. As water is
ballasted and deballasted,  these sediments may accumulate rather than being flushed out.
Several studies have established that ballast water and sediments are a viable habitat for
hundreds of species of animals and plants. .

5. Vessels ballast, deballast,  and reballast as a part of their normal operating procedure, fur
many reasons. Scores of types of vessels, with hundreds of unique modifications, carrying
thousands of different cargoes on innumerable trade routes prohibit any simple
characterization of “typical” ballast operations. It is clear, however, that virtually all
vessels -- whether with cargo (“with ballast”) or without cargo (“in ballast”) carry some
amount of ballast water. Container ships may be particularly important in this regard,
as they move water port-to-port on a constant, often daily basis. While the amounts of
water are small compared to bulk cargo ships in full ballast, even small amounts of water
can carry large numbers of living organisms. Vessels may further carry water, combined or
in separate tanks, from a number of different source regions simultaneously.

.

6. Official records of acknowledged ballast (ships recorded as being in ballast by U.S.
Customs) are minimal, with no information as to quantities, sources, or fate. -I-here are
known relationships, although with wide variation, between the size of a vessel and the
amount of water it can carry, and these relationships, when modified by a further ratio of
the actual amount of water likely to be on board (versus the vessel’s capacity) can be used
to estimate the amount of water that a vessel may carry on an average trip. Different

G ratios, however, have been applied by different workers around the world, making direct
comparisons difficult.

7. In addition to acknowledged water a vast amount of cryptic ballast is transported and
released around the world and to America. Cryptic ballast is (a) unacknowledged ballast,
that is, the water carried by ships with cargo, (b) “unpumpable”  ballast, which, when mixed
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with  newly balloted water later to be discharge, ~a~ ~ru~de abutter smrce of
additiuna~  species, and (c) digital  vessel bandit  water, ~nac~uw~~dged and ~i~~ta~
traffic  bandit  water and sediment retain as large h&s in the ~a~~~t  dike.” There is a
critieaal  need  trz expand  the field of data ~~~g~t~ &am a~~~~ vessels,  a need w~~~~
could  be ~u~~~~ed  with a une-page  ~~~tiunna~re  tu be 15:Iled  out by ships’ u~~~~  along
with the normal fetus ~a~e~urk

Vessels arrive in U.S. ports with water from Sandra of deferent  “last  ports of call”
~~FU~~.  LPOC It2 -4c is a $ ~~~j~t~r  af the source of the hallast  watet;  for half of
aTI vesseb in bhSL theIT i allast water 018  board from the LPOC,  hen LfUcS
are handed to the ~njted s’ Food  and ~~~~~ture  Urgan~zat~un  ~~~U~  r~giu~  of
the wur~d’s  uneasy the r~~atiur~.  p is ~~~ruved,  with 66 percent of all vessels in bandit
~a~ng sure  or all of their water from a broader suur~ region ~~~stern Europe as
unfused to a s~e~i~~  pc@ fur exa~~~e~.  ~~g~~-eig~t  percent of ~ntainer  sfiips have
water from their last FAU regiun~  but u&y 33 percent  of tanker fall into this e~anded
~ategu~. The need for actual  ~~f~r~at~~~ about  the s~~r~~ of the water on board is
~a~~~rn~ar~~ mmders~~~d  by this d~s~~~g~.

There Is a rriticai need to pay greatly ~~e~s~  atte~t~~~  to d~~est~~ ballast  traffic. l

The nature of the U. S. curtains  effe&tive~~  beams that much of the U.S. du~~t~~  ballast
traffic “acts like” furejgn  bandit  tract in its ~tentja~  to jntrud~~e  nunjndige~u~s  species.
Thus, fur the US ~a~j~c  coast, Asiatic urgan~~s  trans~urted  from the U.S. Atlantis
coast in bandit are ~~~ OS ~~~~  LZ ~u~~~~~  ~~~~~~  to the e~s~te~s  of the west mast as
are urganjs~s from Asia or the ~ndo-~ac~~~~

~rn~as~~rns are d~~~rn~t  to ~~~g~jzg~  bang qxcies, even those whit-!  may have arrived
with ballast in reheat years, have world d~t~b~tjun  fattens that lead mast bjugeugra~~e~
to seek other than clean mediated  ~e~~anis~s as cause for ~us~u~u~itan  distrib~tiuns.
bang inv~juns ~a~ ~~~~er  be uver~~ked berate of the lung decline in attentiun to the
bjud~ve~i~  and bius~te~at~~  of the Paine urganis~s on ~~jted  States s~ur~~jn~~
~~s~~t~ this dj~~rn~t  f~umdat~~m,  as earns as 57 species  cam be ~~~~rn~zgd  as ~r~~a~~~  or
pssibk ~a~~ast-~~d~atgd  Cairns  ~rn~as~~rns in the ~rnjt~  States  ante at least abutter 16
fr~~water jnvasiuns  in the Great Lakes).

~e~~a~s  ~~atjuna~ lateral  ~~te~# and, in ~artjc~~ar,  the ~m~amd  ~at~~a~ ~~ste~~
appears trr be rnrndg~~~n~ a wave  of beak ~~~as~#~s,  cereals related to jncreased  barge
and~ur re~reatjuna~  vessel ~uve~en~ t~ru~g~u~t  ~e~~a’s heartland.  The gateway
appears to be New Orleans (an ana~u~  ~a~ be draw-n to ~untrea~ as the gateway  tu the
Great Lakes). No natiuna~ st 0 on these inv~iu~ hti yet been undertaken-
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bacteria and viruses to algae, higher plants, invertebrates, fish, and all other entrained
life. A variety of conceptual approaches to this management have been taken around the
world. These include identifying control options and relating them to a ship’s operations
as it travels from one port to the next, to existing versus retrofit versus new vessels, to
satisfying basic needs of the shipping industry in terms of modification of operating
procedures, economics, and vessel and human safety, and to the type of treatment. Thirty
two options are considered in this study, of which approximately half are viewed as
pursuable for further study, An important corollary to the philosophy of ballast
management is that no one option or alternative is likely to he satisfactory, and thus it
is not appropriate to single out any one alternative as “the most” likely or viable. The
most powerful approach is an integrated management system. Full scale experimental
studies and/or sea trials of the ballast treatments identified  in the text should he
considered if such treatment options are to he developed.

The concept of “ballasting micromanagement” would require the ship’s officers to tab
an aggressive, pro-active approach by careful management of the exact place and time of
ballasting. Newly identified here is the phenomenon of night ballasting, which has likely
been important in leading to a number of global introductions.

..-L.
Ballast exchange -- deballasting  and reballasting -- either in waters of great depth ( >
2000 meters,’ although these depths can occur as close as 30 miles to the U.S. mainland)
or in back-up exchange zones -- when done as completely as possible, is currently viewed
as one of the critical management steps. As with all other options, however, exchange is
not without a series of concerns and problems (unacceptable forces upon the deballasted
ships, and the potential fur exchanged water to continue to carry original organisms), but -
the anticipated benefits (overall reduction of the diversity and numbers of transported
organisms and the general applicability to most vessels without requiring retrofit or
redesign) have retained exchange as a reasonable option. End-point monitoring of
exchanged water, in terms of water chemistry (salinity) or biology, is similarly a complex
issue, with many practical operational and scientific questions yet to be addressed.

Integrated Ballast Management (IBM) is introduced here, consisting of a trichotomy of
ballast micromanagement, ballast exchange protocols, and sediment management programs.
IBM incorporates no new technologies. It would incorporate new programs, including a
GLOBAL HOT SPOT PROGRAM (a formal international system identifying “blooms” of
animals and plants), the establishment of back-up zones and the establishment of
biological monitoring laboratories. Under the IBM program, vessels arriving in port
would be assigned (after sampling for salinity and/or  biuta) one of four statuses:
prohibited, quarantined, restricted, and permitted (to deballast); these are defined in the
text. The IBM program would apply to a NATIONAL BALLAST WATER CONTROL
PROGRAM, and be supported by a proposed new federal agency, or by a cooperative
program of several existing agencies. The release of ballast water in large volumes on all
coasts, and the invasions of all coasts  by exotic species, argues against solely regional
control measures.
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On the basis of the endings  in this study* the fu~u~ng  ~~om~emdat~ons  are made:

1. ~~~le~em~tjon  of a ~at~omal  Ballot Water  Mam~ememt ~~g~~

2

A U.S. natju~a~rugram cuuld,  either at its in~ptiun or eventua~~y~  become part
of a united  ~urth ~eri~an  ~rugram.  The unguent nat,ure  of Canadian and U.S.
~u~t~in~ makes the joint and simu~taneu~  untrue of bandit water desirable-  The
~u~ent U.S. - Canada joint widening  fur the Great Lakes serve as a ~uperatjve
model in this regard. ~uperatiun  with  beak shuu~d  be ~nsid~red~  as well as
with France (St, Pierre and ~ique~un  ~~an~~. .

3, FulJ Scale ~~eri~en~l  an~or Sea Trials  of Ballast  T~t~emt and Other Options

4. U.S. customs  Could  expand  its Data Gathe~ng  for Vessel  Arrivals

As a stun-gap  measure, the dead uf dads  bud g~~~e~ed  for lessee ~~~~~ by U: 3.
~~~u~ Cupid be ~~~~ed.  ~injmum additiuna~  data cuuld  intruded  fur all vessels:
vessel type, deadweight tunnage~  bandit  ~a~aci~, the amounts and exact suur~es  of
ballast on board, the amuunt of bandit  nurma~~y  carried when in ba~~~t~  and the
amuunt of bandit  to be discharged  in the ~uKent  port. A standard form, ElIed out
by the u~~~~ could  be part of the re~~ar C~tu~ ~ape~urk ~rn~~eted  by the
ship, This  e~a~iun  could  be a~omp~~hed  by the Aquatj& ~ujsan~e Species Task

5. GEMi& -:reased ~ttemt~om  Could be Paid to Dome:.  :-4: Ballast  Traffic

The nature of the U. S. co~t~in~~  which  intrude  boreal, temperate~  and trupi~a~
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waters, effectively means that much of the U.S. domestic ballast traffic “acts like”
foreign ballast traffic  in its potential to introduce nonindigenous species. Thus, for
the U.S. Pacific coast, aquatic organisms transported from the U.S. Atlantic coast
in ballast are just as much a potential threat to the ecosystems of the west coast as
are organisms from Asia or the Indo-Pacific.  Domestic vessel trafftc could thus be
considered fur inclusion in the NBWMP.

6. Ship Fouling Study

A national study of the species composition and abundance of fouling and other
organisms on ships’ ht.&s, in ships’ sea chests, and anchor systems, encompassing a
broad range of vessel types, trafic patterns and port systems, could be undertaken.
Such a study would serve to fill a critical gap in our knowledge base.
Semisubmersible exploratory drilling platforms could be included. The full effect
of the efficacy and success of the NBWMP will be difficult if not impossible to
determine in the absence of an understanding of what species, many of which may
overlap with those transportable by ballast, are arriving by non-ballast means.
Coupled with this could be the encouragement (through, fur example, IMU)  of
stronger international/national control measures to minimize the rule of hull,
seachest, and anchor systems as vectors fur the introduction of nunindigenous
s p e c i e s .

7. International Foreign Trade Route and Global Changes in Shipping Study

A critical hole in our understanding of ballast-mediated invasions is the role of .
changes in shipping (numbers and sizes of ships, changing speeds and changing
volumes and quality of ballast water) and changes in donor ports. We have
virtually no quantitative understanding of these phenomena in terms that permit us
to either interpret the patterns of (and possible reasons for) previous invasions or
to adequately predict the probabilities of future invasions. A study, perhaps
sponsored by the IMU, could be done on the changing patterns of foreign trade
routes and global changes in shipping that would provide a critical foundation and
address this critical data gap.

8. h’ational Waterway System Study

A national study by the scientific community of the rule of barge and other vessel
traffic in transporting a broad suite of nonindigenous aquatic organisms (not just
zebra mussels) throughout the Inland WaleMay System (IWS) could be undertaken.
Evidence now suggests that a wave of invasions may be occurring throughout the
IWS. Implication of the role of barge traffic remains unsupported by any study,
nor is anything known about the species composition and abundance of fouling
and other organisms on IWS vessels, and thus of the potential risks involved.

9. Assessmeht of the Role of Military Vessels in the Transport and Release of Ballast
Water

Without an understanding of the role of domestic and foreign military vessels in the
release of ballast water, effective risk reduction for the release of nonindigenous



species will be ~~urnp~ete  I

1O. merchant  ~~arime  and Coast Guard ~~derny auction ~~~~~s

~a~iast  eater management ~uu~ be ~~u~urated  ~tu ~~e~ad~ate  a~ ~aduate
darning  in US, merchant  bake Academies,  the U. S, Coast board A&adem~,  and
the U. S, ~ava~Academ~=  Simj~ar training in other natjun~s  a~ademjes  ~uu~d be
re~mmended by the U.S. through the FLU, ICES, and other internatiuna~
urganjzatiu~=

US. merchant  bake a~ other rna~~e-related  pe~unne~ aunt have the
uppu~n~~ to a#e~ ~a~ W ’ -~ ~~~~~~ ~~~~ and receive
~ert~~~atiun  that they have SL; ‘y corny . . ..ed such a course. Such aunt
.:uuld expose  stunned  tu the !isue  of ‘L,e rule of ship~jn~  in the
~ntrudu~tiun  of nunjnd~g~nu~ .: urgan~n~~  to U.S. water.

12 ~mtemationa~  ~~~~tion and Globai mxl ~~~~aches

As ~~tra~ia h~~rnph~ized~ ~nte~a~una~  ~~pera~un a~ global  unbred ballast
management prowar  wan be, in the hung wz, the sine USA nun uf achieving
~~amenta~  tuneup of aqua~~  b~o~u~~a~  ~nvas~uns  due to the please of ballast
eater a~ sediments.
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EPILOGUE:  WHAT IS THE  RISK?

More than 2,400,000  gallons of ballast water arrive every hour in coastal waters of the
United States. This water comes from hundreds of ports, harbors, and estuaries from
around the world. In most if not all of that water are living organisms. Despite the
existence of ballast water corridors for over 100 years -- a fact that would lead to the
potential conclusion that “all species that could have been introduced would be here by
now” -- invasions continue. European zebra mussels and fish appear in the Great Lakes,
Japanese shore crabs colonize the Atlantic coast, Venezuelan mussels appear on the
jetties of Port Aransas, Chinese clams invade San Francisco Bay, and a plethora of Asian
planktonic organisms become established in California, Oregon, and Washington. Outside
of the United States are thousands of species on the invasion horizon which are
transportable by ballast water and whose biological and ecological requirements overlap
with those found in U.S. waters. Many of these species could cause severe ecological,
economic, and social c&es if introduced. The hourly inoculation of U. S. waters with
ballast water -- indeed, of the waters of any country -- is invasion roulette. Evidence now
before us indicates that new exotic species arrive in U.S. waters on a regular basis. The
risk is high.
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We are hateful to over 500 persons with whom we spoke, note,  and worked du~ng  the
cute of -his study. Eight-Eve  U, S. bask Guard ~US~G~  and US~~~~~S  personnel,  whose
name are listed  in Appends  B, supported our port visits. Appro~mate~y  200 o~ce~  and crew
f~itated  rur Sheppard  work.

Other USCG pe~onne~  deftly invu~v~  with this study ~c~ud~ Wendy Wool,  Petei
Tebeau,  Richard  Gaud~us~~  Gerald ~en~~~ Deborah Seth, dandy Zealand,  Jeff Beach, Claudia
Gelzer,  John Bu~on, Mike Farley,  Mark ~cEwen,  AIan Ben&,  and ~chae~ Adess. U.S. Census
Bureau pe~onne~  whu pro~d~  us with data and a~wer~ many qu~tio~  over the cuurse  of the
year were Adele ~ton  and loran Tague.  Sea ~~~~ pe~onne~  who fac~~jtated  this work
included  in ~nnect~cut~  award ~onahan~  Charles axon, Eleanor M~njc~  and Norman
Bender; in Oregon, Robert ~a~uuf,  the Iate William  Wick, Carol Bailey, Joe Cone,  Sandy
~jd~~ngton~  and Steen ~vey; in New York, Dave ~~ac~e~ and Charles O~~ei~~  and at the
~atjun~  Oar, Be~ard sword.

Pubis and r&ted advice  were pru~ded by et Kelly, Kerry Hood, Deal brunt  David
Cuttjngham~  Robert Peoples, edema Cange~usj,  h.. Ca~en,  James McCann,  Michael  Q~jg~ey~
David Reid, and Sean Bercaw. For d~c~ju~  on control  ~p~~~~s~  ship ~~~~~o~s  and sb~pp~~g
~~~t~e~  in general, we thank J,&sa ~a~jne~  James Titus, hark Kenna, Cecily  Chain, John
Dragase~ch~  Joseph Scho~a~n,  John W~dward, Doug ~emeth,  ~urent  Guertjn~  Robert Sedat,
Joe Craig, Ivan Lantz,  Christopher Fay, Dana heron, George ~yan~ Peter ~ohansen,  Hans
N&en, Pierre M~sier, Ted Beacons  and Charles Stuckey. We spoke on the telephone with
perhaps another 50 jnd~~dua~s  in aII ~~~ebe~  of the ~a~tj~e  ~~dust~ who prodded  us ~th  the
a~we~ to innumerable  qu~tjo~.

Our ~us~~~~~~  ballast ~~~ea~~~ pa~icu~ar~y  Geoff ~igby,  G~taaf ~a~~egr~eff, Barry
Sunday, John Phone John Merton, Rob Wi~~~a~~ Madeleine  Jones, and Patrjcia  ~utch~ngs~
have graciously  supplied  unpub~jshed  and published  ~jterature  and many d~c~~~ons.

Other ~~~su~t~ng  se~e~~~s~  in the US. and Canada jnc~uded  Lzdd  3, 2, Greg Ruiz,
Ion Geller,  Rich Everett, Judy Began, John Megahan*  Patrick Baker Chad .I, Michael
Graybi~~~  Janet nodder, D~tjn Chives,  Walter  ~urtenay,  Peter Moyer*  Jefk .4l, Richard
Cuttjng~  Roger Manna Steve Kerr, Bernard Mau~n,  Axleen  ~ava~et, David : ansky, Grego~
Ruiz,  Carol Secor,  Jon Stanley,  Theresa Stevens~  Lu E~dredge~  Carl Sjndermann~  Aaron
~osen~e~d,  Austin Wj~~jarns~  corny  ~a~epa,  Donald  Sch~o~ser,  Timothy  Carey, ~drea Locke,
Ed Misuse  foe Leach, Gary Sprung,  Andy when, Janet ~umpson, Fred Nichols Alan Reiss,  and
Serge Gosse~~n.  mother  30 or so scjent~~~  ac~ow~edged  in the text, permitted us to use
unpub~~hed  data,

A request from E~~jott  Nurse inspired the sectjon  on the re~ationshjp  be~een wars and
b~o~ogjca~  jnvasiu~- Ellen  ~a~den~s pr~entation  on integrated Pest management  at a
rational Audubun Safes wur~hop in W~hjngton~  D-C. impure  our integrated  Ballast
management  model. Vicke  Starc~k  prodded stat~t~ca~  advice. Isabel  Stjr~ing  ~Unive~i~ of
Oregon Science ~~bra~~,  as aswarm  prodded i~tant FAX copies  of critic- ‘~terature.  Paul
O’Pecko  .:qd Wendy  Schnur, of cur Libras at ~~tjc  Seapo~, angered .s of questju~  and
were inst mental  in ~eadjng  the - -Y tu c~tjca~  ~jterature.

We are pa~jcu~ar~y  grate .r~ another 75 or so ~~~ea~~ and st~~er~~ who allowed  ITC
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to suspend many obligations toward other commitments, manuscripts, and letters of
recommendations during the final 90 days of this study.

Guiding and watchful spirits over the course of the study included Margaret Dochoda,
who helped plant the seeds in early 1988, before the zebra mussel Was discovered, that led to this
study, Janet Kelly, who kept us advised of many developments of which we would have otherwise
been unaware, John Chapman, who kept us advised on all levels (and read and critically
commented on the entire draft of this study), and Debby Carlton,  who continues to support this
work after 17 years.

This Shipping Study was supported by the United States Coast Guard by pass-through
funding to the National Sea Grant/Connecticut Sea Grant Program, Grant REX.
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APPENDIX A

ACRONYMS

l See Table 3-l for VESSEL  acronyms
l See Table 4-l for BALLAST TANK acronyms

ALLBOB
APHIS
AQIS

ASP
AVG

BAL
BAL CAP
BM
BMS
BOB
BOPS
BT
BUEZO
BULK
BW
BWARR
BWBT
BWCAP
BWE
BWUP

C
CCG
CDC
CI
CONT
COTP
CUM

DES
DPC
DSP
DWT

ECAREG
ENS0

Acknowledged
Atlantic Class Vessel (container ship)
Alternative dispersal mechanism
Also known as
All Ballast Water on Board
Animal and Plant Health Inspection Service (USDA)
Australian Quarantine & Inspection Service
Arrival
Amnesic Shellfsh Poison
Average

In ballast ,:.._.
Ballast Water Capacity
Ballast management
Ballast management strategy
Ballast water on board
Ballast Water Operations (aboard vessels)
Ballast
Back up Exchange Zone
Bulker
Ballast water
Ballast water carried on arrival (PPOC) in metric tons = BOB
Average amount of BW carried when in ballast
Ballast water capacity in metric tons (may also be measured in LT, gallons)
Ballast water exchange
Ballast Water Remaining in the Ballast Tanks: Unpumpable Water

Celsius degrees
Canadian Coast Guard
Centers of Disease Control
Confidence interval
Container Ship
Captain Of The Port
Cubic meters

Departure
District Port Code (U. S. Census Bureau)
Diarrhetic Shellfish Poison
Dead weight tons (tonnage)

Eastern CAnadian  REGion
El Nino Southern Oscillation
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EST

FAO
FDA
FOR
FREQ

Gen
GHP
GM
GRT

E- 73

I;
IL
IMG
IOC
IFAS

LASH
LPOC
LR
LT

~POL
MEPC
MRT
MS0
Mth~~~
Mt~in
MT

MW

N
NA
N~ISS
NBWCP
NB~P
NM~
NON
NOBOB
NP#
NPOC
NRT
NSP

~timated

United Nation Food and ~~cu~ture  Organization
Food and Drug Adm~n~tration
Forest
Frequent
Fresh Water

General
Global  Hot Spot Program
Grace Moment ~stabi~i~  rne~ure~
Grow Registered Tonnage

H~~fu~  Algal  Brood
‘. . :hip in or with bandit  ~Ba~~~t  on Boards

~~~~~~nationa~  Muncie  for the proration  of the Sea
international  Chamber of Shipping
~ntemationa~  Ma~time  Organization  ~United  Nations
~ntergovemmenta~  O~anographic  ~mmission COCOA
inward Wate~~S~tem

Lighter  Aboard SHip barge Car~er~
Last Port of Call
L~oyd’s  Register
Long Tons

Ma~t~me  Admin~tration
UN~MO Marine Po~~ution  ~~nvention~
Maine  En~ronment  Prot~tion  ~~ittee  ~~MO~
Met~c revenue ton
Maine Safety Of~ce  ~USCG~
Monthly  M~mum  of BW carried in the Past Month
Monthly  Minimum of BW carried in the Past Month
Met~c Tons
Motor vessel
Megawatt

Number
Not app~~cab~e
National Bio~ogjca~  ~nv~ions  Shipping  Study
National  Ba~~~t  Water ~ntro~ Program ~Pub~ic  Law lO~-~~
Nat~ona~  Ballast Water Managem~~t  Pro~am proposed  Herein
National  Maine F~he~~ Service
National  Oceanic and Atmospheric  Admin~trat~on
No Ballast on Board
N~ISS Port Num~r
Next Port of Cal
Net Registered  Tonnage
Neuro~ogica~  She~~f~h  Porn
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Nv# N~~SS Vessel Number
NWS National  Wate~ay S~tem

OIC
OPA

Of~cer In Charge ~~~S~
Oil Pollution Act of 1990

P
PAHO
PASS
PICES
POC
PPOC
PPQ
PSP
PT

Prohibited Stats
Pan ~e~can Health Grgan~t~on
P~senger Ship
Pacific international Muncie  for the proration  of the Sea
Port of Cal
Pr~ent Port of Call
Plant Prot~tion  & Quarantine
Para~~ic Sheepish  Po~on
Pe~itted Stats

Q Quarantine Stats

R
R&D
RORO
Rlv

se...
Restrjcted  Stats
Research and Development
Roan-on  Roan-off  Cargo Vessel
Research Vessel

S
SD
SDWT
SEDP
SLSA
SOBOB
SOP
SW

Starboard
Standard de~ation
Summer Deadweight Tonnage
Semisubme~ib~e  ~~orato~  Drilling  P~atfo~
St. La~ence  Seaway Au~~o~~
Some B,-. ;st Water on :rd
Standar .~erating  prr. r e
Salt Wair.

TAF4K
TEU

Tanker
Twen~-foot  equivalent unit
Tra~port Monthly

UN
UNACK
UNEP
UNESCO
U.S.
USCG
USDA

United Natjons
Unac~ow~edged Bandit
United Nations En~ronmenta~  Pro~am
Unjted Nations ~ucat~ona~,  Scienti~c,  and Cultural  Organ~~tjon
United States
United States Coast Guard
United Stats D~~~artment  of ~~cu~ture
U~tra~o~et  (UVT  Wan

W
WCP
~0
~01

Watt
wit coast ports
World  Hearth  Organi~tion
Wool  HoIe  Oceanographic institution

l



APPENDIX B
SUMMARY OF NABISS PORT VISITS

257t92

-

Date
l/22192

Port
Boston

Contacts
USCG/MSO

MKC (Chief) Dan Bartlett
Lt. Comm. Larry Bowling (Port Operations)

l/29/92

[see 6/l/92  for
boardings]

Boston USCGIMSO
MKC (Chief) Dan Bartlett

us customs
Dick Longs (Assistant Chief Inspector)
Brian Lopez (Inspector)
Peter Ryan (Inspector at docks)

Massport
Gretchin  Sheehan
Lyn Vikesland

Boston Shipping Assoc.(Maritime  Assoc.)
Jody Bartlett (Administrative Assistant)

3l23/92

3l25t92

New York!
New Jersey .-‘.

Norfolk USCGIMSO

Baltimore

USCG/COTP
Kelly English (Waterways Management)
Steve Whinham (Waterways Mgmt)

Maritime Association of New York/New Jersey
Joyce McIlroy  (Marine Intelligence)

Port Authority
Paul Druckenmiller (Port/Market Analysis)

. US Customs Newark
Paul Russo (Inspector, Marine Desk)

US Customs New York
Inspector Jung (Marine Desk, Data
Analysis Unit)

Chief Bxickett (Foreign Vessel Ops)
Lt. Comm. Cummins (Port Operations)

Vessels Boarded
NVl) Ever General - Container
NV2) Maria Auxiliadora-Container
NV3) Sea Merchant - Container
NV4) Feax-Bulker (Collier)

USCGIMSO
Lt. Cyndi Stowe (Port Operations)
Gary Merrick  (Port Safety)

APHIS
Inspector Steve Trostle
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NV24)Sunward-Cruise
NV25)Nordic  Empress-Cruise
NV26)Christopher-Bulker

5/l l-12/92 New Orleans
(Baton Rouge)

USCG/MSO
Chief Art Seddon
Petty Officer Paul Ward
Petty Officer Graves Johnson

APHIS
Bill Spitzer

Vessels Boarded
NV27)HeUspont  Spirit-Tanker
NV2S)Congo  River-Tanker
NV29)Alcbimist  Lausanne-Tanker
NV30)Knock  Davie-Tanker
NV31)Maritime  Prosperity-Bulker
NV32)Polska  Walczaca-Bulker
NV33)Chios  Faith-Bulker
NV34)SaramaccaGeneral  Cargo
NV35)Sam  Houston-LASH

5114l.92

5115l92

6ill92

Gaheston
(Freeport,  -
Texas City)

USCG/MSO
Lieutenant Ben Freeze
Chief Wtin
Ensign Randy Eagner
Petty Officer M&e Muratorri

APHIS
Inspector Eddie Pitiyk

Vessels Boarded
NV36)PaciGeneral  Cargo(Break Bulk)
NV37)QboysGeneral  Cargo
NV38)S  tolt Excellence-Chemical Tanker
NV39)CastiUo  De Monterrey-Bulker
NV4O)Tiie Lykes-Container

Houston

’ Boston

USCG/MSO
Lieutenant SheUey Clapper
Petty Officer Frederick Thornton

APHIS
Officer in Charge.-&1  Hatchett

Vessels Boarded
NV41)SangstadChemicai  Tanker
NV42)OrlikGenerai Cargo
NV43)TurpiaKhemical Tanker
NV44)Georgios P-BuIker
NV45)Asian  Banner-Bulker

USCGIMSO
Chief Dan Barlett
Hugh Smith
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USCG~SO
Lieutenant  B-L DeS~~~~
Petty Over R ~jc~



m4-25i92 San Francisco
Otiand

.P...

USCG/MSO
Lieutenant Lome Thomas
Petty Officer R Lcftridge

APHIS
Supervisor N. Mendel
Mr. D. Wiier

Vessels Boarded
NV71)SeaLand Endurance-Container
NV72)Direct Kea-Container
NV73)President Lincdn-Container
NV74)Moana Pacific-Container/General Cargo
NV7S)Ever Gifted-Container
NV76)Mayview  Maersk-Container

ml92 Portland

Petty Officer K Smythe
API-IIS

Mr. Tamiya
Supervisor Daida

Vessels Boarded
NV65)Royal  Accord-Container
NV66)SeaLand  Trader-Container
NV67)KauaKontainer
NV68)Columbus  Victoria-Container
NV69)Sierra  Madre-Tanker
NV7O)SwiftnesBuiker

71s17l92 Seattle
Tacoma

USCG/MSO
Petty Officer CIingenpeel
Petty Officer S. Hooker

APHIS
Officer in Charge G. Smith

Vessels Boarded
NV77)Donaire-Car  Carrier
NV78)Grand Unity-Bulker
NV79)Liierty  Sun- Bulker
NV8O)Sanku  Heritage-Bulker

USCGMSO
Chief Blume
Petty Officer M. Shockley
Lieutenant T L Radziwanowin

APHIS
W. FunteneUe

Vessels Boarded
NV81)Green  Saikai-BuIker  (Log)
NV82)Shintonami-BuIker (Wood chips)
NV83)Pan Zenith- Bulker
NV84)Hanjin Soeul-Container
NV85)Celtic  Light-Bulker
NV86)Columbus  Virginia-Container
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APPENDIX C

Monthlv Arrival/In Ballast Tables (1991) from TM385 (Vessel Entrances):
Northeast Coast of the United States:

Boston, New York, Baltimore, Norfolk
Southeast Coast of the United States:

Charleston, Savannah, Miami

Monthlv Arrival/In Ballast Tables (1991) from TM385 (Vessel Entrances):
Northwest Coast of the United States:

Portland, Tacoma, Seattle
Southwest Coast of the United States:

San Diego, Long Beach, Los Angeles, Oakland, San Francisco

Monthlv Arrival/In Ballast Tables (19911 from TM385 (Vessel Entrances):
Gulf Coast of the United States:

Tampa, New Orleans, Houston, Galveston
Alaska and Hawaiian Islands:

Anchorage, Honolulu

Where,

A R R  = Number of vessel arrivals

B A L  = Number of vessels arriving in ballast
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Monthly Arkvais  in Ballast (1991)
(from Census TM385/Vessel  Entranc:c\

North West Coast of the United States.

Port Portland
DPC 2904
Month 4RFt Bal
Jan 78 19
Feb 72 20
March 82 21
*Pd 70 19
May 79 21
June 78 17
July 82 17
Au!3 97 22
Sept 90 23
Ott 83 22
Nov 81 29
Dee :93 25
,Total 985 255

racoma
3002

Seattle
3001

Bal
2 6

4RR
141

118
166
127
146
129
138
154
118
132
131

Bal
10
15
6

11
16
13
21
23
21
29
19

28 189
33 210
22 204
21 238
19 224
28 231
35 238
26 248
28 264
28 205

South West Coast of the United States.

Port
DPC
Month

‘-----=-Jan
Feb
March
April
MaY
June
JdY
Au!3
Sept
OCt
Nov
Dee
Total

Los Angeles Oakland San Fraksco
2704 2811 2809

4RR Bal m B a l AREt Ba l
239 60 107 2 68 1
237 46 98 4 53 4
217 4-O 100 1 58 1
233 53 100 0 63 1
237 60 113 1 67 2
205 34 105 0 61 7
204 32 107 0 63 6
195 33 112 1 57 6
191 37 107 1 66 11
207 34 123 1 64 4
199 48 103 1 57 1
207 57 108 2 57 0

2571 534 1283 14 734 44

Long Beach
2709

9RR B a l
215 19
188 17
200 13
190 9
215 16
229 25
231 25
192 16
196 21
199 17
166 17
187 25

2408 220

San Diego
2501

4EtR Bal
87 60

110 83
130 95
117 77
102 48
75 36
63 40
61 39
61 39
76 40
77 45
79 48

1038 650

c - 3



~~~a
1801

4ER Bal
156 41
123 40
138 35
118 34
136 35
110 30
110 29
lo& 25
il2 28
113 29
128 37
126 33

1476  396

109 44
122 30 ,
loo 25
106 31
121 35
105 29
82 21
87 20

loo 28
100 22
88 31

1227 341

48 17
101 49
83 32
49 31
43 12
71 44
14 42
73 32

-40 5
53 8

734 293
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APPENDIX D

ACKNOWLEDGED  BALLAST  (METRIC  TONS)  IN
TANKERS,  BULKERS,  AND GENERAL  CARGO  VESSELS

(CI = Confidence  Intervals)

I’M385  Census Data: Acknowledged Ballast: Tankers
TM385 Census Data: Acknowledged Ballast: Bulkers
TM385 Census Data: Acknowledged Ballast: General Cargo Vessels

Acknowledged ballast: Tankers: East Coast
Acknowledged ballast: Tankers: Gulf Coast
Acknowledged ballast: Tankers: West Coast
Acknowledged ballast: Tankers: Alaska and Hawaii

..“...
Acknowledged ballasti  Bulkers: East Coast
Acknowledged ballast: Bulkers: Gulf Coast
Acknowledged ballast: Bulkers: West Coast
Acknowledged ballast: Bulkers: Alaska and Hawaii

Acknowledged ballast: General Cargo: East Coast
Acknowledged ballast: General Cargo: Gulf Coast
Acknowledged ballast: General Cargo: West Coast and Hawaii

.
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PORT

HONOLULU

BOSTON
NEW YORK

TOTAL

NORFOLK
SAVANNAH
TAMPA
NEW ORLEANS
GALVESTON
HOUSTON
LONG BEACH
LOS ANGELES
SAN FRANCISCO
PORTLAND
SEATTLE
ANCHOkAGE

VESSELS
IN BALLAST

17

r

:t ;;i

1
27
7
3

33
63
34
128
66
27
Y
4
7

25

MEAN
BAL CAP

11132
14087
14059
13983
4217
19952
6655
7573

59878
11092
11720
66306
19388
15954
5163

95 %
CI
7

9807
9793
9764
4084

12219
5856
6436
23603
8383
8695
25069
12005
lo&O
4821

I’OTAL
BA1.rAP-

11132
w1349
98413
41949

I?9161
P 256976
226270
969344

" ;"I948
,,~484
46880
X5224
I:.::,716
398850
87771

8309467

ESTIMATED
+-BAL ARRIVAL iii

8533 8
291538 3
75434 &
32154 fii
106667
963472

p
6:

173436 j;
743002
3029168 iii!
229554 2

35934 g
203294 l&
104026 F
305719 E
67276 3

6369206 d

s
E
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IVESSELS I MEAN 9 5 %  ITOTAL IESTIMATED
PORT
-ON
NEW YORK
BALTIMORE
NORFOLK
CHARLESTON
SAVANNAH
TAMPA
NEW ORLEANS
HOUSTON
GALiESTON
LONG BEACH
LOS ANGELES
OAKLAND
SANFRANCISCO
PORTLAND
TACOMA
S E A T T L E
ANCHORAGE
HONOLULU

INBALLASTr.;
5

44
190
390

22
19

184
882
174
49

117
84

8
5

2cKl
195.-
43
76

1

BAL CAP
18247
13813
20883
33237
13078
16221
11099
19538
13694
11253
18742
17085
9412
8058

1038
14049
20426
15868
9208

TOTAL I 2687 1

8315 ‘613297
10660 3961505
139639 12949135
8041 287716
9168 314685
7260 2041106

10247 17232516
8272 2382756
7323 549484
9998 2198437
9460 1432236
6538 75296
5910 40290
6813 21303585
8403 2736745

10520 874233
9049 1205968

437036
2822969
9227554

205026
224246

1454492
12279891

1697952
391562

1566606
1020611

53656
28711

1427755
1950205
622978
859373

6447 9208 6562
50999435 36342197
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PORT
BOSTON
NEW YORK
BALTIMORE
NORFOLK
CHARLESTON
SAVANNAH
MIAMI
TAMPA
NEW ORLEANS
HOUSTON
GALVESTON
LOS ANGELES
OAKLAND
SAN FRANCISCO

‘PORTLAND
SEATTLE
HONOLULU
TOTAL

7 1816
3 5056
7 4462
7 1736

44 1610
266 817
99 1955
168 2017
209 1303
20 2802
18 2497
‘4 3607

1 4216
8 4855
4 3809
6 1173

873

9s % I TOTAL

1591
3179
2935
1539
1454
817
1679
1718
1232
2161
1997
2557
2830
3098
2650

i 12712
15168
31234
12152
70840
217322
193545
338856
272327
56040
4494ti
14428
4216
38840
15236

1130 7038
1351034

ii
isi
;i;
B

ESTIMATED ii
BALARRIVAL G

4351 ii
9018
10760

j:

22157 f3d
8621 s
50254

5
154168 f
137301 ii
240384 E
193189 f3:rz
39755
31885 8
'10235 ifi
2991

27553 E
10808
4993

958424
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Unacknowledged Ballast (MT) for Bulkers,  Containers,  and Tankers
from Foreign Ports Arriving in Cargo

in Five Selected Ports of the US East, Gulf, and West Coasts

% FOREIGN  EST. AVG 95% AVG UNACK
BALTIMORE IN CARGO A R R  B A L L A S T  C I BALLAST
BULKERS 9.03 184 6326.6 3900.7 1164094
CONTAINERS 0.35 7 5227.9 1021 36395
TANKERS 3.47 71 2420.3 1815.3 171841

TOTAL 262 1372531
NORFOLK
BULKERS 6.25 147 6326.6 3900.7 Q30010
CONTAINERS 3.82 90 5227.9 1021 ‘0511
TANKJZRS 1.04 24 2420.3 1815.3 -.3087

TOTAL, 261 1458638
om , ‘-.

BULKERS 2.43 31 6326.6 3900.7 196i25
CONTAINERS 1354 174 5227.9 1021 909655.
TANKERS 0 0 2420.3 1815.3 0

TOTAL 205 1105779
SAN FRANCISCO --
BULKERS 1.04 8 6326.6 3900.7 50613
CONTAINERS 3.47 25 5227.9 1021 130697
TANKERS 2.08 15 2420.3 1815.3 36305

TOTAL 48 217615
NEW ORLEANS
BULKERS 5.56 217 6326.6 3900.7 1372872
CONTAINERS 1.04 41 5227.9 . 1021 214344
TANKERS 8.68 338 2420.3 1815.3 818061

TOTAL 596 TOTAL 2405278
TOTAL 1372 6559811
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APPENDIX G

A
B
C
D
E
F
G
H
I
J
K
L
M
N
P
Q

LAST PORT  OF CALL (LPOC) BY FAO REGION FOR
FOREIGN SHIPS IN BALLAST  FOR NABISS PORTS

FAO REGIONS OF THE WORLD

GREAT LAKES
ATLANTIC

Northwest Atlantic
Northeast Atlantic
Mediterranean and Black Sea
Northwest Pacific
Northeast Pacific
Eastern Central Atlantic
Western Central Atlantic
Indian Ocean
Western Central Pacific
Eastern Central Pacific
Southwest Pacific
Southeast Pacific
Southwest Atlantic
Southeast Atlantic
Australia
Great Lakes ’ (*)

(*I
.

Q
A B F G M N

MEDITERRANEAN/BLACK SEA C
INDIAN H
PACIFIC/AUSTRALASIA D E I J K L P

(*I NOTE:

AUSTRALIA and GREAT LAKES are not FAO regions. Australia
is designated here as a separate region because Census data are not
sufficiently detailed to permit us to determine to which FAO region
the LPOC should be assigned. The Great Lakes are designated here
as a separate region because foreign shipping comes from this region.

I
G - l



Tampa and New Weans
~u~tun  and ~a~v~tun
San Diego, Lung Beach, Los  Angeles
Ua~and,  San Fran~~~u~  Pu~~and
~a~~a~  Seattle, ~~~urage
~unu~~~~

LPUC by FAU rerun fur ships from fu~e~~
purts:  ~a~t~~ure

Fure~~ in BaIIast, Fure~~ in Cargu~
~u~~tj~~a~~~t*  ~u~~t~~~Cargu

LPUC by FAU reg~un  fur ships from furejgn
ports: ~urfu~k

*
.

LPUC by FAU reg~un  fur ships from furejgn
ports: New Orleans

LPUC by FAU reg~un  fur ships frum furej~
ports:  San Fran~~~

Fure~gn in Baht, Furej~  in Ca~gu,
~u~~tj&~a~~~t,  ~u~~tj~~Cargu

LPUC by FAU rerun fur ships from fure~gn
ports:  Ua~and

G-2



LPOC by FAO Region for Ships in Ballast From Foreign Ports

Boston, MA

I I
% OF TOTAL
FOREIGN SHIPS

FAO REGION IFREQ IINBALLAST
NORTHWEST ATLANTIC I 14 1 38.89
NORTHEAST  ATL‘WTIC
WESTERNCENTRALATLANTIC
MEDITERRANEANANDBLACKSEA
NORTHWEST PACIFIC

.-.

9 25.00
3 16.67 *
4 11.11
3 8.33

I I

TOTAL I 36 1 loo

New York, NY

FAO REGION
WESTERNCENTRALATLANTXC
NORTHEAST ATLANTIC
LMEDITERFUNEANAND  BLACKSEA
NORTHWEST ATLANTIC
EASTERNCENTRALATLANTIC
INDIANOCEAN
NORTHWEST PACIFIC
WESTJ3N  CENTRAL PACIFIC
SOUTHWEST  ATLANTIC

FREQ
109

42
17
14
10
8
3
1

.1

% OF TOTAL
FOREIGN SHIPS l

INBALLAST
53.17
20.49

8.29
6.83
4.88
3.90
1.46
0.49
0.49

I I

TOTAL I 205 1 100

G-3





FOR SHIPS FROM FOREIGN PORTS--NEW YORK

d (53.2 %

B (20

z >

.5 %)

LEGEND
A= NORTHWEST  ATLANTIC

B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND  BLACK  5

D= NORTHWEST  PACIFIC

E= NORTHEAST  PACIFIC

F= EASTERN CENTRAL  ATLANTIC

C= WESTERN CENTRAL  ATLANTIC

H= HDIAN  OCEAN

I = WESTERN CENTRAL  PACIFIC
J= EASTERN CENTRAL  PACIFIC

K= SOUTHWEST  PACIFIC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

O=GREAT  LAKES



LPOC by FAO Resow for Ships in Ballast  From Forei~ Ports

50
20
14
14
6
7. . .

2451
9*80
6.86
6.86
2.94
0.98
0.49

I
TOTAL I 204 / 1~

42
13 26
7 14
3 6

3 6 .
3 6



FOR SHIPS FROM FOREIGN PORTS-BALTIMORE

B (47

A (9.80 %L

G (6.86 %) I (2.94 %)

M (0.98 \ , Fj(6.86 %)

/ c (2 4.51 %)

LEGEND
A= NORTHWEST ATLANTIC

B= NORTHEAST ATLANTIC

C= MEDITERRANEAN  AND  BLACK  SEA

D= NORTHWEST PACIFIC

E= NORTHEAST PACIFIC

F= EASTERN  CENTRAL  ATLANTtC

G= WESTERN  CENTRAL  ATLANTIC

H= INDIAN  OCEAN

I = WESTERN  CENTRAL  PAClFlC
J= EASTERN CENTRAL  PACflC

K= SOUTHWEST  PACIFIC

L= SOUTHEAST  PACfFlC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

O=CREAT  LAKES



i’

E (5.6 i”)!P ‘F (5.6 %)

N (0.5 I
J (047 %)

I

LEGEND
A= NORTHWEST  ATLANTIC
B= NORTHEAST ATLANTIC

C= MEDITERRANEAN  AND BLACK SEA

D= NORTHWEST PACFIC

E= NORTHEAST PACFIC
F= EASTERN  CENTRAL  ATLANTIC
G= WESTERN  CENTRAL  ATLANTIC
H= RiDIAN  OCEAN
I = WESTERN  CENTRAL  PACIFIC
J= EASTERN  CENTRAL  PACliC

K= %IUTHWEST  PACIFIC
I= SOUTHEAST  PACIFIC
U= SOUTHWEST ATLANTIC

N= SOUTHEAST ATLANTIC
P= AUSTRALIA
Q=GREAT  LAKES
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/ 34.02
1134
IQ.31
6.19
3.09
1.03

5
4
4
3
2
1
1
1

2662t



FOR SHIPS FROM FOREIGN PORTS-SAVANNAH

G (34.0%

A (3.1%)J

3%)

4.0%)

LEGEND
A= NORTHWEST  ATLANTIC

B= NORTHEAST ATLANTIC

C= MEDITERRANEAN  AND  BLACK  SEA

D= NORTHWEST PACIFIC

E= NORTHEAST  PAClFtC

F= EASTERN CENTRAL  ATLANTIC

G= WESTERN CENTRAL ATLANTIC

H= NDIAN  OCEAN

I = WESTERN  CENTRAL  PACKIC
J= EASTERN CENTRAL  PACIFIC

K= SOUTHWEST  PACIFIC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

O=GREAT  LAKES



G

F (0,04 %) J (0.08 %c (0.15 %)

A (Oe15 %)\ I (0.04 %)I / ,B (0.19 %)

LEGEND
A= NDRTHWEST  ATLANTIC
B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND BLACK  SEA

D= NORTHWEST  PACIFIC

E= NQRTH&ASf  PAClFlC
F= EASTERN  CENTRAL  ATLANTIC
E= WESTERN  CENTRAL  ATLANTIC
H= INDIAN  OCfAN
I = WESTERN CENTRAL  PACIFIC
J= EASTERN  CENTRAL  PACIFIC

K= SOUTHWEST PACIFIC
L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA
Q=GREAY  LAKES



LPOC by FAO Region for Ships in Ballast From Foreign Ports

T a m p a ,  F L

FAO REGION
WESTERN CENTR4L  ATLANTIC
NORTHEAST ATLANTIC
MEDITERRANEANANDBLACKSEA
NORTHWEST PACIFIC
EASTERN CENTRAL PACIFIC
EASTERNCENTRtLATLANTIC
SOUTHEAST PACIFIC
NORTHWEST ATLANTIC
INDLW OCEAN
SOUTHEASTATLANTIC

TOTAL .w- 394

New Orleans, LA

FAU REGION
W3IERNCENTWLATLANTIC
NORTHEAST ATLANTIC
MEDITERMNEANANDBLACKSEA
NORTHWEST PACIFIC
EASTERN CENTRAL PACIFIC
EAS-ERNCENTR4LATLANTTC
NORTHWEST ATLANTIC
INDIANucEAN
SOUTHEAST PACIFIC
WESTERN CENTRAL PACIFIC
SOUTJZEASTATLANTIC
NORTHEAST PACIFIC

TOTAL

90 2284
57 14.47
25 6.35
18 4.57
17 4.31
7 1.78

‘4 1.02
3 0.76
2 0.51

100

I % OF TOTAL
FOREIGN SHIPS

FREQ INBALLAST
171 43.40

EQ
437

383 30.40 .
252 20.00
54 4.29
46 3.65
40 3.17
18 1.43
16 1.27
‘9 0 . 7 1
2 . 0.16
2 0.16
1 0.08

1260 100

% OF TOTAL
FOREIGN SHIPS
INBALLAST

.

34.68

c
G-13



FOR SHIPS FROM FOREIGN PORTS-TAMPA
G (43.4 %k

F (4.3 %)
\ J (4.6 %)

D (6,3 %) ‘A (1 .D %)

%>

LEGEND
A= NORTHWEST  ATLANTIC
8= NORTHEAST ATLANTIC

C= MEDITERRANEAN  AND BLACK SEA

D= NORTHWEST  PACIFIC

E= NORTHEAST PACIFIC
F= EASTERN  CENTRAL  ATLANTIC
C= WESTERN  CENTRAL  ATLANTIC
H= INDIAN  OCEAN
I = WESTERN  CENTRAL  PACIFIC
J= EASTERN  CENTRAL  PACIFIC

K= SDUTHWEST  PACIFIC
L= SOUTHEAST  PACIFIC
h4= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA
Q=EREAT  LAKES



FOR SHIPS FROM Fi

G (34.7

L (0.7 7

N (0.2
D

OREIGN PO.RTS--NEW ORLEANS

I (0.2 % t (3.L Z)
I J (3.7

20.0

0.4 %>

LEGEND
A= NORTHWEST  ATLANTIC

B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND  BLACK  5

D= NORTHWEST  PACIFIC

E= NORTHEAST  PACIFIC

F= EASTERN CENTRAL ATLANTIC

C= WESTERN CENTRAL ATLANTIC

H= lNDIAN  OCEAN

I = WESTERN CENTRAL  PACFIC
J= EASTERN CENTRAL  PACIFIC

K= SOUTHWEST  PAClFlC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC

E (0.1 %) P= AUSTRALIA

O=GREAT  LAKES

;EA



72
66
48
1s
15
13
12
7
5
3
1

I
TOTAL I 696 1 loo

1

TOTS I 293

BABY
63*07
10.34
9.~
6.90
216
216
1.87
1.72
1.01
O-72
0.43
0 . 1 4

6.48
5.12
239
137

0.~
034
034
fI34
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LPOC by FAO Region  for Ships in Ballast From Foreign Ports

San Diego, CA

FAO REGION
EASTEIW  CENTRAL  PACWC
WESTERNCENTRALATLANTIC
NORTHEAST PACIFIC
SOUTHWEST PACIFIC
NORTHWEST PACIFIC

TOTAL

% OF TOTAL
FOREIGN SHIPS

FREQ INBALLAST
637 98.00

a 1.23
'3 0.46
-1 0.15 ,
1 0.15

650 100

Long Beach, CA

FOREIGN SHIPS
FAO REGION , --

EASTERN CENTRAL  PACIFIC
SOUTHWEST PACIFIC
WESTERN CENTIULATLANTIC
MEDmRUNEANANDBLACKSEA
NORTHEAST PACIFIC
NORTHEAST ATLANTIC

Los Angeles,  CA

FAO REGION
EASTERN CENT&% PACIFIC
NORTHWEST PACXFIC
GREATLAKES
SOUTHWEST PACIFIC
WESTERNCENTR4LATLANTIC
WESTERN  CENTRAL PACIFIC

f SOUTHEAST PACIFIC
NORTHEAST ATLANTIC

TOTAL 533 100

98
17
9
6
5
5
1

I % OF TOTAL
FOREIGN SHIPS

18.39
3.19
1.69
1.13
0.94
0.94
0.19

G-19
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FOR SHIPS FROM FOREIGN.PORTS--LONG BEACH

K (0.9 7% G (0.9 %)

D (68.

LEGEND

SEL

A= NORTHWEST ATLANTIC

B= NORTHEAST ATLANTIC

C= MEDITERRANEAN  AND  BLACK

D= NORTHWEST PAClFlC

E= NORTHEAST PACCIC

F= EASTERN CENTRAL  ATLANTlC
G= WESTERN  CENTRAL  ATLANTIC
H= INDIAN  OCEAN
I = WESTERN  CENTRAL  PACCIC
J= EASTERN CENTRAL  PACIFIC

K= SOUTHWEST  PAClFlC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

Q=GREAT  LAKES

(0.9 %)

(0.5 %)

E (0.9 %)



D (18.4

B (0.2 %)--
LEGEND

A= NDRTHWEST  ATLANTIC
B= NORTHEAST ATLhTIC

C= MEDITERRANEAN  AND BLACK SEA

D= NORTHWEST  PAZiFiC

E= NORTHEAST  PACIFIC
F= EASTERN  CENTRAL  ATLANTIC
C= WESTERN  CENTRAL  ATLANTIC
N= INDIAN  OCEAN
I = WESTERN  CENTRAL  PAClFlC
J= EASTERN  CENTRAL  PACIFIC

K= SOUTHWEST PACIFIC
L= SOUTHEAST PACIFIC

’M= SOUTHWEST ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA
Q=EREAT  LAKES



LPOC by FAO Region  for Ships in Bailast From Foreign Ports

Oakland, CA

FAO REGION FREQ
NORTHWEST PACIFIC 10
WESTERN CENTRAL PACIFIC 2
EASTERN CENTR4L  PACIFIC 1
NORTHEAST PACIFIC 1

I

TOTAL I 14

% OF TOTAL
FOREIGN SHIPS
IN BALLAST

71.43
14.29
7.14
7.14

100

San Francisco,  CA

FAO REGION .
NORTHEAST  PACIFIC
NORTHWEST PACXEXC
EASTERN CE- PACIFIC
W3TERNCENTRALA’llANIlC

% OF TOTAL
FOREIGN SHIPS

FREQ INBALLAST
28 63.64

9 20.45
6 13.64
1 227

I 1

TOTAL I 441 100

Portland, OR

FAO REGION
NORTHWEST PACIFIC
NORTHEAST PACIFIC
EASTERN CENTRAL, PACIFIC
WESTERN  CENTRAL  PACIFIC
SOUTHWEST  PACIFIC
MEDITERIUNEANANDBLACKSEA
NORTHEAST ATLANTIC

TOTAL 255 I 100

1FFUZQ INBALLAST
216 84.71

26
6
4
1
1
1

10.20
2.35
157
0.39
039
039

.

% OF TOTAL
FOREIGN SHIPS

G-23



LAST PBIP OF C A L L  B Y  FAO w
FOR SHIPS FROM FOREIGN PORTS-OAKLAND

LD (7 1.4%)

LEGEND
A= NORTHWEST  ATLANTIC
B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND  BLACK  SEA

D= NORTHWEST  PACIFIC

E= NORTHEAST  PACIFIC
F= EASTERN  CENTRAL  ATLANTIC
G= WESTERN  CENTRAL  ATLANTIC
H= MDIAN OCEAN
I = WESTERN  CENTRAL  PACIFIC
J= EASTERN  CENTRAL  PACIFIC

,K= SOUTHWEST PACIFIC
L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA
O=EREAT  LAKES



FOR SHIPS FROM FOREIGN PORTS-SAN FRANCISCO

G (2.3%)~

LEGEND
A= NORTHWEST  ATLANTIC

B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND  BLACK  SEA

D= NORTHWEST PACIFIC

E= NORTHEAST  PACCIC

F= EASTERN CENTRAL ATLANTIC

C= WESTERN CENTRAL ATLANTIC

H= lNDIAN  OCEAN

I = WESTERN CENTRAL PAClFlC
J= EASTERN CENTRAL PACIFIC

K= SOUTHWEST  PACIFIC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

Q=GREAT  LAKES
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LPOC by FAO Region for Ships in Ballast From Foreign  Ports

Tacoma, WA

FAO REGION
NORTHWEST PACIFIC
NORTHEAST PACIFIC
SOUTHEAST PACIFIC
WESTERN CENTRAL ATLANTIC
NORTHEAST  ATLANTIC
EASTERV CENTRAL PACIFIC

TOTAL

% OF TOTAL
FOREIGN SHIPS

FREQ IN BALLAST
191 60.44
121 38.29

1 032
1 0.32
1 0.32
1 0.32

316 100

Seattle, WA ’

A--.

FAO REGION
NORTHEAST PACIFIC
NORTHWEST PACIFIC
WESTERN CENTIWL  PACIFIC
NORTHEAST ATLANTIC
INDIANOCEAN
WESTERV  CENTRAL ATLANTXC
SOUTHEAST PACIFIC
SOUTHWEST  PACIFIC

TOTAL

Anchorage, AK

FAO REGION
NORTHWEST PACIFIC
NORTHEAST PACIFIC
WESTERN CENTRAL PACIFIC
EASTERN CENTRAL PACIFIC

: NORTHEAST ATLANTIC

FREQ
126

76
4
3
2
1
1
1

% OF TOTAL
FOREIGN SHE’S
IN BALLAST

58.88
35.51

1.87
1.40 *
0.93
0.47
0.47
0.47

214t 100

% OF TOTAL
* FOREIGN SHIPS

FREQ INBALLAST
284 93.73

12 3.96
4 1.32
2 0.66
1 0.33

I 1

TOTAL I 303 1 100
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FOR SHIPS FROM FOREIGN PQRJ--~--J--~C~~/1,

D

LEGEND
A= NORTHWEST  AlLANTIC
8= NDhlEAST  ATLANTIC

C= MEDITERRANEAN  AND BLACK SEA

D- NORTHWEST  PACIFIC

E= NORTHEAST PACIFIC
F= EASTERN  CENTRAL  ATLANTIC
G= WESTERN  CENTRAL  ATLANTIC
H= INDIAN  OCEAN
I = WESTERN  CENTRAL  PACFIC
J= EASTERN  CENTRAL  PACIFIC

K= SOUTHWEST  PACIFIC
L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC *
N= SOUTHEAST  ATLANTIC
P= AUSTRALIA
Q=GREAT LAKES



K (0 5. 7’) G corn5 %>10 \ I /4 H (0.9 ‘Z)A 07\/

LEGEND
A= NORTHWEST  ATLANTIC

B= NORTHEAST  ATLANTIC

C= MEDITERRANEAN  AND  BLACK  SEA

D= NORTHWEST  PAClFlC

E= NORTHEAST  PACEFIC

F= EASTERN CENTRAL  ATLANTIC

G= WESTERN CENTRAL  ATLANTIC

H= INDIAN  OCEAN

l = WESTERN CENTRAL PACIFIC
J= EASTERN CENTRAL  PAClFlC

K= SOUTHWEST  PACIFIC

L= SOUTHEAST  PACIFIC
M= SOUTHWEST  ATLANTIC

N= SOUTHEAST  ATLANTIC
P= AUSTRALIA

O=GREAT  LAKES





LPOC by FAO Region for Ships in Ballast  From Foreign Ports

Honolulu, HI

FAO REGION
NORTHWEST PACIFIC
EASTERN CENTRAL PACIFIC
SOUTHWEST PACIFIC
WESTERN CENTRAL PACIFIC
WESIERNCEN’TRALATLANTIC
NORTHEAST PACIFIC
INDIANOCEAN

FREQ
238

$0
39
12
4
3
1

% OF TOTAL
FOREIGN SHIPS

IN BALLAST
68.59
14.41
11.24
3.46
1.15
0.86
0.29

I 1

TOTAL I 347 1 100

1 G-31
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LAST PORT OF CALL BY FAO REGION- BALTiMORE,  MD

STATUS FAO REGTON
FOREIGN LN EASTERN CENTRAL ATLANTIC
BALLAST

FOREIGN IN
CARGO

MEDITERKWEANANDBLACKSEA
NORTHEAST ATLANTIC
NORTHWEST ATLANTIC
WESTERNCENTRALATUNTIC

STERNCENTMLATLANTIC

RMNEANANDBLACKSEA
ORTHEASTATLANTIC
ORTHWESTATLANTIC
ORlXWEST  PACIFIC

T A T L A N T I C  .

NTRALATLANTIC

DOMESTIC IN
BALLAST WESTERNCEN-IX4LA’L4NTIC

DOMESTIC IN
CARGO CENTRALATLANTIC

FREQ
3

7
18
2
3

%OF
TOTAL
SAMPLE
1.04

2.43
6.25 ’
0.69
1.04

3 1.04
1 0.35
4 1.39
8 2.78 .

13 4.51
2 0.69
5 1.74
4 1.39

14 4.86
2 0.69

9
9

110
70

1

288

3.13
3.13

38.19
24.31

0.35
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G (19,1%)-

/
(29.2%)

I” (6

c (12,4%)J LEGEND
A= NORTHWEST ATLANTtC G= WESTERN CENTRAL AT

a B=NORTHEAST ATLANTIC 1-11:  INDIAN OCEAN
C=MEDITERRANEAN  AND BLACK SEA
D= NORTHWEST PAClFlC

M= SOUTHWEST ATLANTtC

F=EASTERN  CENTRAL ATLANTIC
N= SOUTHEAST ATLANTIC
P= AUSTRALIA

‘LANTIC



LAST PORT OF CALL BY FAO REGION- NORFOLK,  VA

STATUS FAO REGION
FOREIGN IN EASTERN  CENTRAL ATLANTIC
BALLAST MEDITERIUNEANANDBLACKSEP

NORTHEAST ATLANTIC
W3TERNCENTk4LATLANTIC

FOREIGN IN
CARGO AND BLACK SEA

ORTHEASTATLANTIC
RTHWESTATLANTIC
RTHWEST  PACIFIC

TATLANTIC ’
TERNCENTRALATUNTIC
TERN CENTRAL  PACIFIC

DOMESTIC IN
BALLAST TERNCENTRALATLANTIC

DOMESTIC IN
CARGO TERNCENTRUA’TLANTIC

FREQ
7

10
31

1

%OF
TOTAL
SAMPLE
T

3.47
10.76
0.35

1 0.35
4 139

11 3.82 .
8 278
2 0.69
6 2.08
9 3.13
3 1.04
2 0.69
1 0.35

11
3

125
59

288

3.82
1.04

43.40
20.49

100

c-35



FOR SHIPS FROM FOREIGN PORTS-- NORFOLK,  VA

R  ( 1 . 1  %) _It-5 In 1 a\r \L.L h),

I  ( 3 . 3  % )  ,

H  ( 1 . 1  %)

G (1 1.1 %)\,

1 %)”

.2 X)

C  ( 1 5 . 6 %)’

A  ( 8 . 9  X)

B ( 4 6 . 7  %)

LEGEND

A= NORTHWEST ATLANTIC
B= NORTHEAST ATLANTIC
C= MEDITERRANEAN AND BLACK
D= NORTHWEST PACIFIC
F= EASTERN CENTRAL ATLANTIC
G=WESTERN CENTRAL ATLANTIC
H= INDIAN OCEAN
I= WESTERN CENTRAL PACIFIC
hi= SOUTHWEST ATLANTIC
P= AUSTRALIA
R= GREENLAND



LAST PORT OF CALL BY FAO REGION- NEW ORLEANS, LA

STATUS
FOREIGN IN

1F A O  R E G I O N
EASTERN CENTRAL  ATLANTIC

BALLAST

FOREIGN IN
CARGO

EASTERN CENTRAL PACIFIC
INDIANOCEAN
MEDITERRANEANANDBLACKSEA

ORTHEASTATLANTIC
QJ$.mST PACIFIC

WESTERNCENTR4LATLANTIC

TERNCENTRALATLANTIC
TERN CENTRAL PACIFIC

RRANEANANDBLACKSEA
ORTHEASTATLANTIC

NTRALATLANTIC

DOMESTIC IN NORTHWEST ATLANTIC
BALLAST

I
WESTERNCENTRALATLANTIC

DOMESTIC IN EASTERN CENTRAL PACIFIC 3 1.04
CARGO NORTHWEST ATLANTIC 6 208

WESTERNCENTRALATLANTIC 82 28.47

TOTAL SAMPLE

%OF
TOTAL

FREQ
6

1
4

15
24

5
45

SAMPLE
2.08

0.35
1.39
5.21
8.33
1.74

15.63

2 0.69
1 0.35
1 035’
6 208
8 2.78
2 0.69 ’
2 0.69
1 0.35 .
3 1.04

40 13.89

5 1.74
26 9.03
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?
B

J

H  ( 3 . 0

L  ( 0 . 6  %)

( 1 . 2  x) -

\\I

M ( 1 . 8  %)

%\ -
,---- N (is2 %) .

a

- C  ( 1 2 . 7  % )

(4 2 %> LEGEND

B= NORTHEAST ATL

C= MEDITERRANEAN

.ANTIC

AND BLACK SEA

D= NORTHWEST PACIFIC

F= EASTERN CENTRAL ATLANTIC

G=WESTERN  CENTRAL ATLANTIC
H= INDIAN OCEAN
J= EASTERN CENTRAL. PAGlflC

1= SOUTHEAST PACIFIC

M= SOUTHWEST ATLANTIC

.

N= SOUTHEAST ATLANTIC



LAST PORT OF CALL BY FAO REGION- SAN FRANCISCO, CA

STATUS FAO REGION
FOREIGi  ! IN ’ NORTHEAST PACIFIC
BALLAST NORTHWEST PACIFIC

FOREIGN IN
CARGO

EASTERN  CEN’TRAL  PACIFIC
NORTHEAST PACIFIC
NORTHWEST PACIFIC *
SOUTHEAST PACIFIC
SOUTHWEST PACIFIC

CENTRALATLANTIC
TERNCENTRALPACIFIC

DOMESTICIN EASTERNCENTRALPACIFIC
BALLAST NORTHEAST PACIFIC

DOMESTIC IN EASTERN CENTRAL PACIFIC
CARGO NORTHEAST PACIFIC

WSTERNCENTkiLA’lLANTIC

TOTAL SAMPLE

FREQ
13

5

SAMPLE
4 . 5 1

1.74

30 10.42
, 11 3.82

13 4.51
4 1.39
1 0.35
9 3.13 *
5 1.74

22 7.64
2 0.69

133 46.18
38 13.19
2 0.69

loo

%OF
TOTAL

G-39



FOR SHIPS FROM FOREIGN PORTS--  SAN '"ANCISCO, CA

L  ( 4 . 4  X)K(l.l%) ,

I (5,s X) I

G (9 .9  %)

LEGEND

D= NORTHWEST PACIFIC

E= NORTHEAST PACIFIC
G= WESTERN CENTRAL ATLANTIC
I= WESTERN CENTRAL PACIFIC
J= EASTERN CENTRAL PACIFIC

K= SOUTHWEST PACIFIC
L= SOUTHEAST PACIFIC



LAST PORT OF CALL BY FAO REGION- OAKLAND, CA

NORTHWEST PACIFIC

NORTHEAST PACIFIC
NOFU’HWEST  PACIFIC
SdUTHWEST PACIFIC
WESTEfsN  CENTRAL PACIFIC

DOMESTIC IN NT&U,  PACIFIC

G-4 1

FREQ
1

4

2
18
25

7
4

1

197
29

288

%OF
rOTAL
SAMPLE

0.35
1.39

0.69
6.25
8.68
2.43
139

0.35
.

68.40
10.07 .

100



FOR SHIPS FROM FOREIGN PORTS-- UPLAND, CA

I (6.6

(3.3%) *

E (31

OAKLAND

\

D (47.5%) --1,
LEGEND

D= NORTHWEST PACIFIC

E= NORTHEAST PACIFIC

H= INDIAN OCEAN

I= WESTERN CENTRAL PACIFIC

K= SOUTHWEST PACIFIC



APPENDIX H

NABISS PORTS:

Last Fwts of Call

by Individual Country/Regions

-.*.for  Foreign Ships in Ballast





2012
4840
4890
5880
7210
5081
5570
7420
5330
7141
5250
2740
3510
2470
1223
2231
4050
4704
4790
4701
4550

2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Mexico, Gulf or East Coast Re#un
Greece
Turkey
Japan
Algeria
Israel, Mediterranean Regiun
Maiaysia
Cameroon
India
Morocco, Atlantic Region
Bahrain
Trinidad & Tobago
BrXZil
Dominican Republic
Montreal, Canada
Costa Rica, Caribbean Region
Finland
‘Canary Islands
Yuguslavia
Spain, Atlantic Region ports North of Portugal
Poland

4611 USSR. Arctic Region
.

41 20; TOTAL

BALTIMORE, MD
LPOC FREQ NAME

23 Netherlands4210
1224
4120
4230
4271
4703
4282
4711
4750
4090
4720

: 4840
4702
4701
5570
2470

17 Canada, Atlantic Region including St. Pierre and Miquelon
14 United Kingdom
14 Belgium & Luxembourg
13 France, Atlantic Region
11 Spain, Mediterranean Region
10 Federal Republic of Germany, Atlantic Region
9 Madeira Islands
7 Italy
6 Denmark (Except Greenland)
6 Gibraltar
6 Greece
5 Spain, Atlantic Region ports South of Portugal
5 Spain, Atlantic Region ports North of Portugal
5 Malaysia
4 Dominican Republic

H-2



4272
4704
5081
4550
4190
1223
4613
~90
4850
7141
4910
2360
3510
3011
7210
2012
40~0
7230
5880
5600
3070
4790
7291
2320
9990
4050
2412
2251

4 France, ~edite~nean  Region
3 Canal beans
3 Israel, Med~te~anean Recur
3 Pu~and
2 dewed
2 ~untr~~, snide
2 USS~ Black Sea Recur
2 Turkey
2 Rumba
2 ~uruccu~  A~an~c  Recur
2 - ,3s
2 3las
2 t
2 ;mbia, ~~~bea~ Rk ZI
2 ilgeria
2 teacup G&f or East Coast Recur
1 ‘deaden
1 Russia
1 Japan
I ~dun~~a
1 ~ene~e~a
1 Yugus~a~a
I Egypt, ~e~te~~ean Recur
1 Be~uda
1 ~~~Se~
1 md
I :ica
1 :rna ~~~~ea~ Reer’on

44 204 . .rTAL

LPOC FREQ No
4210 62 Ne~er~~~
4750 53 Italy
4230 43 Beady & L~em~~g
4271 35 France, ~~a~~~  Recur
4120 31 U~ted  ~gdu~
47’ - 27 Spas, Adantic Rerun ports Nut of fur ,?I
47;- 16 ~~de~a  bhmds
1224 14 Canada, At: r;rtic Re~on ~c~ud~g  St. Pie- d ~que~un
4282 14 Federal Re~~~~~c of Ge~any,  A~~an~~c  E .I
7210 11 ~ge~a



4720
4702
4090
4190
4890
2410
4703
4704
4840
4613
4550
4030
3070
4010
7291
7141
2012
4272
4850
2320
2480
2470
7910
7250
2252
4870
2740
7292
5170
4612
2390
2110
4050
3011
4790

2 7 7 0
2360
2830

9 , Gibraltar
8
8
8
8
5
5
5
4
4
4
4
4
4
3
3
3
3
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1

Spain, Atlantic Region ports South of Portugal
Denmark (Except Greenland)
Ireland
Turkey
Jamaica
Spain, Mediterranean Region
Canary Islands
Greece
USSR, Black Sea Region
Poland
Norway
Venezuela
Sweden
Egypt, Mediterranean Region
Morocco, Atlantic Region
Mexico, Gulf or East Coast Region

France, Mediterranean Region
Romania
Bermuda
Leeward & Windward Islands
Dominican Republic
Republic of South Africa
Lii ya
Panama, West Coast Region
Bulgaria
Trinidad & Tobago
Egypt, Red Sea Region
Saudi Arabia
USSR Baltic Region
Cuba
El Salvador
Finland
Colombia, Canbbean  Region
Yugoslavia
Aruba & Netherlands Antilles
Bahamas
French West Indies

.

48 425 TOTAL

H-b



H-5



2390
2151
3070
4271
1224
2470
4702
2480
2430
3150
2740
7141
4281
4711
3011
3310
4190
4720
4703
4704
4701
7530

7210
5830

3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1

Cuba
Honduras, Caribbean Region
Venezuela
France, Atlantic Region
Canada, Atlantic Region including St. Pierre and Miquelon
Dominican Republic
Spain, Atlantic Region ports South of Portugal
Leeward & Windward Islands
Turks & Caicos Islands
Suriname (Netherlands Guiana)
Trinidad & Tobago
Morocco, AtJantic  Region
Federal Republic of Germany, Baltic Region
Madeira Islands
Columbia, Caribbean Region
Ecuador
Ireland
Gibraltar
Spain, Mediterranean Region
Canary Islands
Spain, Atlantic Region ports North of Portugal
Nigeria (inc1.  former Northern British Cameroons) .

Greece
Algeria,
Republic of China (Taiwan)
Mexico. Gulf or East Coast Region

97 TOTAL
2012

35

MUM& FL
LPOC FREQ NAME

2360 1636 Bahamas
2450
9990
2012
2410
2770
2470
2440
2830
2390
2430
225 1

468 Haiti
199 High Seas
125
78

Mexico, Gulf or East Coast Region
Jamaica

56 Aruba & Netherlands Antilles
12 Dominican Republic
10 Cayman Islands
7 French West Indies
6 Cuba
6 Turks & Caicos Islands
6 Panama., Caribbean Region

H-6



3011
2~0
1224
2740
2720
2191
2151
20~0
2051
3370
4230
4703
4704
2252
4702
4750
2320
5650
~40
4282
3330
3310
3150
3070
2231
4120

5
5
4
3
3
3
3
3
3
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

~o~ornb~~  soybean Rerun
Leeward d W~dward  Asians
~nad~ Atlantis  Rerun ~~~u~g St. Pierre and ~~que~on
T~dad & Tobago
Bar~adus
N~~~~~  ~~~~ean Rerun
Hund~,  ~~~be~ Rerun
Belize
G~aterna~~  Jacobean  Rerun
Chile
Be~~urn  & L~ern~u~g
Spas,  Me~te~ane~ Rerun
lanai Isfands
Pact West  Coast Re~on
Spas, A~an~~  Rerun pun South uf Puck
Italy
~uda

PIPPED

Greece
Federal Reputes  of Ge~an~~  A~~~~ Rerun
Pem
E~uadur
Sake ~Ne~er~~~ Gleam
Ven~e~a
~usta Rica, soybean Rerun
cited ~gdum

3x0 Bra&I
39 2662 TOTS

l

LPOC FREQ No
2012 31 Me~cu~ Gulf or East bust Rerun
4210 27 Ne~er~~~
2440 20 ~a~~ ~~~~
2450 17 Haiti
3011 Id ~u~urn~~~  ~~~~~ Rerun
4120 IS cited ~gdum
2470 14 Dugan Reputes
4282 14 Federal Reputes  of Ge~~~~ .~~ant~~ Rerun
2151 12 Honduras, Korean Rerun
2390 12 Cuba
2410 11 ~arnai~a ’

H-7



4230

5880
7210
3070
4750
4840
2252
4271
4720
9 9 9 0
7141
2011
5800
4190
5701
4550
4703
4704
1224
3510
4850
2740
7291
4711
4613
2251
3330
2080
4890
4702
5830
4701
7480
2480
2770
7910
2051
2110
9993,
7292
4611
3310

11 Belgium & Luxembourg
11 Japan
10 Algeria

8 Venezuela
8 Italy
8 Greece
8 Panama, West Coast Region
7 France, Atlantic Region
7 Gibraltar
6 HighSeas
5 Morocco, Atlantic Region .
5 Mexico West Coast Region

’
4 Republic of Korea
4 Ireland
4 People’s Republic of China, Northern Area
4 Poland
4 Spain, LMediterranean Region
4 ‘Canary Islands
4 Canada, Atlantic Region including St. Pierre and Miquelon
4 Brazil
4 Romania
4 Trinidad & Tobago .
4 Egypt, Mediterranean Region
4 Madeira Islands
3 USSR, Black Sea Region
3 Panama, Can’bbean  Region
3 Peru
3 Belize
3 Turkey
2 Spain, Atlantic Region ports South of Portugal
2 Republic of China (Taiwan)
2 Spain, Atlantic Region ports North of Portugal
2 Ivory coast
2 Leeward & Windward Islands
2 Aruba 8c Netherlands Antilles
2 Republic of South Africa
2 Guatemala, Caribbean Region
2 El Salvador
2 GulfofMexicu
2 Egypt, Red Sea Region

.2 USSR, Arctic Region
2 Ecuador

.

H-8



3120 2 Gu~na
7420 1 ~ameruon
7142 1 Moro~u~  Medite~nean Re~on
7230 1 Tu~sja
5820 1 Hung~ung
5790 1 Nut Korea
2830 1 French Wit  Indies
40~0 1 Sweden
4030 1 Nu~y
2430 I Turks & Caicos Islands
2231 I Cust~ ‘%zq ~~bean Rerun
2232 1 Gus; :a, Wit  boot Rerun
2360 1 Bahz
4272 1 Franc. I ~~e~t~~ne~  Rerun
~70 1 B~g~a
4910 1~~
5170 1 Saudi Arabia
4730 1 Malta & Guzu
4281 1 Fede~~ Repub~~ of Gerry, Baltic  Rerun
4612 1 USSR, Baltic Rerun
4712 1 burl e

74 394 TOTS

*~~O~~S,~
L’OC FREQ No-

2012 152 Me~~3~ GUI,? or East Coast Rerun
4210 114 Ne~e~~an~
2410 61 darner
4230 49 Beady  Br L~embu~g
4750 48 Italy
3070 41 Ven~e~a
4271 41 France, A~an~~  Rerun
4613 39 ~SS~ Black Sea Rerun
247~ 39 Durban Repuh~~

4120 39 cited ~gdum
4703 32 Spank Me~te~an~ Re~on
4282 32 Federal Repub~~ of Ge~any~  A~~~~ Recur
5880 26 Japan
4701 23 Spas, Atlantis  Rerun ports Nut of Pu~ga~
4840 23 Greece
7210 22 ~ge~a
4702 22 Spain  At~ant~~  Rerun pun Suuth of P~~uga~

H-8



4612 20 USSR, Baltic Region
4711 20 Madeira Islands
2390 20 Cuba
3011 19 Colombia, Caribbean Region
4890 18 Turkey
2151 17 Honduras, Caribbean Region
1224 15 Canada, Atlantic Region including St. Pierre and Miquelon
7291 14 Egypt, Mediterranean Region
205 1 12 Guatemala, Caribbean Region
4272 12 France, Mediterranean Region
4720 12 Gibraltar
2252 11 Panama, West Coast Region
4090 11 Denmark (Except Greenland)
9990 10 HighSeas
4550 10 Poland
7292 10 Egypt, Red Sea Region
4850 9 .Romania
5701 9 PeopIe’s Republic of China, Northern Area
7141 8 Morocco, Atlantic R&ion
4190 8 Ireland
2011 8 Mexico West Coast Region’
2450 8 Haiti
3120 7 Guyana
5800 7 Republic of Korea
2770 7 Aruba & Netherlands Antilles
4010 7 Sweden
2740 6 Trinidad & Tobago
7230 6 Tunisia
4790 6 Yugoslavia
4704 6 Canary Islands
5081 6 Israel, Mediterranean Region
3330 6 Peru
9993 5 Gulf of Mexico
3310 5 Ecuador
2052 5 Guatemala, West Coast Region
2232 5 Costa Rica, West Coast Region
5830 5 Republic of China (Taiwan)
3012 5 Columbia, West Coast Region
2110 5 El Salvador
2231 5 Costa Rica, Caribbean Region
4030 4 Norway
3614 4 USSR, Eastern Region

H-10



2360
2830
3510
1223
2430
2251
2720
7490
2080
5590
2~0
4730
4611
40~~
7910
4~70
2192
7~0
7530
7740
7650
7550
4281
5020
3150
1221
2440
5170
5420
5820
53~0
5230
5350

4
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Bahama
French West Indies
Bra23
Mun~ea~~  Canada
Turks & Caicos ~~~~
Panama~  ~a~bbe~ Rerun
Barbados
Gh~a
B&e
Support
leeward  & W~dward  Islam 5s
Map 81 Guzu
USS~ Arctic Rerun
Feud
Repub~~  of Suu~ Africa
~~~ga~a
.Nj~ra~~ Wit  bust Rerun

I Pa~s~
92 1260 TOTS

HOUSTON TX
,. LPOC FREQ No

2012 163 Me~~u, G:l!f or East Coast Rerun
3011 43 ~u~urnb~a ~*~~~bean  Rerun ‘
3070 43 Ven~e~a
2410 25 ~arnai~
2051 24 Guatemala, Jacobean  Re~on



2390

2251
2450

2470

4210

7210

4750

2252

4230

2231

3310

2360

2770

4720

2011

3330

4271
3370

4272

2151
2110
4612
4701
1224

4282

4120

4703

5081

9993

3510
2080

5830

7141

5800

4712

4840

3012

7292

2740

5170

7910
2232

23 Cuba
22 Panama, Caribbean Region
20 Haiti
18 Dominican Republic
17 Netherlands
14 Algeria
13 Italy
12 Panama, West Coast Region
12 Belgium & Luxembourg
11 Costa Rica, Caribbean Region
11 Ecuador
10 Bahamas
8 Aruba & Netherlands Antilles
8 Gibraltar

*8 Mexico West Coast Region
8 Peru

7 ‘France, Atlantic Region
7 Chile

7 France, Mediterranean Region
7 Honduras, Canbbean  Region
7 El Salvador .

7 USSR, Baltic Region
6 Spain, Atlantic Region ports North of Portugal
6 Canada, Atlantic Region including St. Pierre and Miquelon
5 Federal Republic of Germany, Atlantic Region
5 United Kingdom
5 Spain, Mediterranean Region
5 Israel, Mediterranean Region
5 Gulf of Mexico
5 Brazil
5 Belize
4 Republic of China (Taiwan) .
4 Murocco,  Atlantic Region
4 Republic of Korea
4 Azures
4 Greece
4 Columbia, West Coast Region
4 Egypt, Red Sea Region
4 Trinidad & Tobago
3 Saudi Arabia
3 Republic of South Africa
3 Costa Rica, West Coast Region

i H - 1 2



4702
7291
~90
~0
7230
2052
5701
4910
7~
4711
4613
3170
4550
4730
7320
3120
2720
4090
4030
9990
1223
7470
7~0
7790
4611
4704
5110
2320
2192
~70
~070
2480
5880
6020
5210
5650
2~~

L 84 696 TOTS

3 Spain, Atlantis  Re~or ports South of Pu~ga~
3 Egypq Med~te~anean Rerun
2 Turkey
2 Ruma~a
2 Tu~ia
2 G~aterna~~  West Coast Rerun
2 Peup~e’s  Repub~~  of ~a, Nu~em Area
2 Cyprus
2 Senegal
2 Made~ beans
2 USSR Black Sea Repin
2 French Gujana
2 Pu~and
2 Magi & Guru
1 Sudan
f. Guyana
1 .~~badus
1 Debark  unkept Gree~~d~ ,
1 Nu~y
1 BASE
1 Muntr~~ ~~ada
1 Sierra Leone
1 Ivory cuast
1 Kenya
1 USSR, ~~~~ Rerun
1 any Asians
1 Jurdan
1 Be~uda
1. N~~ra~~ West boot Rerun
I B~ga~a
1 Iran
I Leeward  & W~dward  beans
1 Japan
I A~~a~a~
1 Yemen
1 Puppies 1
I bran glands

.

R-13



GALVESTON, TX
LPOC

9990
2012
9993
2410
2390
4210
4750
3070
3310
4840
4282
4271
2470
4701
4612
4711
2011
2051
5880
4090
3370
5800
4850
5701
7210
2770
3012
7620
7250
7292
4120
4702
4613
2360
2720
2231
2151

FREQ NAME
164 High Seas
34 Mexico, Gulf or East Coast Region
18 Gulf of Mexico

8 Jamaica
5 Cuba
5 Netherlands
5 Italy
4 Venezuela
4 Ecuador
3 Greece
3 Federal Republic of Germany, Atlantic Regiun
3 France, Atlantic Region
3 Dominican Republic
2 Spain, Atlantic Region ports North of PortugaI
2, l%SR,  Baltic Region
2 Madeira Islands
2 Mexico West Coast Region l

2 Guatemala, Caribbean Region
2 Japan
2 Denmark (Except Greenland)
1 Chile
1 Republic of Korea
1 Romania
1 People’s Republic of China, Northern Area
1 Algeria
1 Aruba & Netherlands Antilles
1 Columbia, West Coast Region

’1 Angola (incl. Cabinda)
1 Libya
1 Egypt, Red Sea Region
1 United Kingdom
1 Spain, Atlantic Region ports South of Portugal
1 USSR, Black Sea Region
1 Bahamas
1 Barbados
1 Costa Rica, Caribbean Region
1 Honduras, Caribbean Region

H-14



4730 1 Malta & Gozu
4703 1 Spajn,  Med~te~anean Rerun
4720 1 Gyrator

40 293 TOTAL

S&Y D~GO~  CA
LPOC FREQ No

2011 620 Me~~u Wit Coast Rerun
9990 10 BASE
2252 7 Panama  Wit  Coast Rerun
2251 4 Panes Anabel  Rqiun
1221 3 beady Paces Recur
2232 2 Costa Rica, Wit  Cuasr Rerun
6410 1 wrench Paces beans
2012 I Me~~u, Gti or East Coast Rerun
2052 I ~~atern~~  ant Cuast Rerun
5880 I ‘Japan

10 650 TOES

LONG Bag CA
LPOC FREQ No .

5880 IO7 gape .

22.52 49 P~arn~ Wit bust Rerun
5800 27 Rep~b~~  of Kurt
201 T 9 Me~~u West Coast F zgiun
SF 7 Repub~~ of ~a (’ ~~~
5” 4 Peop~e’~  Reputes ui China,  * :heam Area
58Lti 3 Hung Kong
4614 2 USS~ Eastern Rerun
1221 2 Xanadu  Pacific Rerun
9995 2 Suu~ Pa~~~~
9990 1 based
2232 1 Costa Rica, Wit Coast  Rerun
2051 I G~aterna~~  baby Rerun
2012 1 Me~~u, G&f or East bust Rerun
3310 1 ~~adur
4890 I Turkey
4613, f USS~ Blank Sea Rerun
42213 1 Unjted  ~~durn

-5 220 TOTS



LOS ANGELES, CA
LPOC FREQ NAME

Mexico West Coast Region2011
5880
5800
1221
9990
5830
6410
5701
2232
3330
2252
5650
9995
3070
4614
5820
9994
6020
2251
2410
2052
2110
2440
4010
5590
3310

373
62
20
17

8
6
5
5
4
4
4
4
3
3
2
2
1
1
1
1
1
1
1
1
1
1
1

Japan
Republic of Korea
Canada, Great Lakes Region
High Seas
Republic of China (Taiwan)
New Zealand
People’s Republic of China, Northern Area
Costa Rica, West Coast Region
Peru
Panama, West Coast Region
Philippines
South Pacific
Venezueia
USSR, Eastern Region ,
Hong Kong
North Pacific
Austraiia’
Panama, Caribbean Region
Jamaica
Guatemala, West Coast Region
El Salvador
Cayman Islands
Sweden
Singapore
Ecuador
ChiIe

53; TOTAL

.

3370
27

OAKLAND, CA
LPOC FREQ NAME

5880 5 Japan
5800 4 Republic of Korea
5590 2 Singapore
9990 1 HighSeas
5830 1 Republic of China (Taiwan)
1221 1 Canada. Pacific Region

6 14 TOTAL

H-16



LPOC NO No
1221 28 Xanadu Paces Rerun
sggo 7 Japan
2011 5 Me~~u Wet Coast Rerun
5830 1 Rep~b~~  of ~a ~ajwan~
~800 1 Repub~~ of Korea
2251 1 Panama Anabel  Rerun
2~2 1 Panama. West  Coast Rerun

7 44 TOTS

PORES OR
LPOC FREQ No

5~80
5800
1221
5830
5701
4614
5490
2052
22.52
6020
2110
2011
5820
4~20
5081
5590
5790

143
44
26
17
6
4
2
2
2
1
1
1
1
1
I
1
1
1

Japan
Repub~~  of Kurea
Xanadu Pacific  Rerun
,~~~ub~~  of ~a ~T~~~
Peup~e’s Repub~~  of ~~ Nu~em Area
USSR, Eastern Rerun
aced
Guatem~~  West Coast Rerun
Panes Wit  Coast  Rerun
Aqua*
~~S~~dur  *
Me~~:~ ‘ant Coast Rerun
Hung :I-~ng
Utter ~~ngdurn
Israel, Me~te~anean Rerun ,
S~gapur~
Nut Kurea

TABOO WA
LPOC FREQ No

sggo 152 Japan
1221 121 ~nad~ Pa~j~ Rerun
5g00 22 R~pub~~  of Korea
~~30 14 Repub~~ of ~a (? aat)
5701 3 Peup~~‘s  Rep~b~~  of ,nq N~~hern Area
2251 I Panama~  ~a~bbean  h 3x1
2052 1 G~atema~a~  West aunt Rerun



4120 1 United Kingdom
3330 ‘1 Peru

9 316 TOTAL

SEATTLE, WA
LPOC FREQ NAME

1221 122
5880 51
5800 13
5701 5
5830 4
9990 4
5650 2
9994 2
4230 2
5590 2
6410 1
3370 1
3070 1
4030 1
5170 1
5820 1

Canada, Pacific Region
Japan
Republic of Korea
People’s Republic of China, Northern Area
Republic of China (Taiwan)
High Seas
Philippines
North Pacific
Belgium & Luxembourg
Singapore
French Pacific Islands
Chile
Venezuela
Nonvay
Saudi Arabia
Hong Kong

5200 1 United Arab Emirates
17 214 TOTAL

AXHORAGE,  AK
LPOC FREQ NAME

5880 213 Japan
5800 59 Republic of Korea
1221 6 Canada, Pacific Region
9990 6 High Seas
4614 5 USSR, Eastern Region
5701 2 People’s Republic of China, Northern Area
5830 2 Republic of China (Taiwan)
4611 2 USSR, Arctic Region
5590 2 Singapore
2011 2 Mexico West Coast Region
4210’ 1 Netherlands
5650 1 Philippines
5490 1 Thailand
5820 1 Hong Kong

14. 303 TOTAL

H-18



HONOL~~, HI
LPOC FREQ No

5 8 8 0
9990
6220
6410
2252
2011
5800
6810
5830
5701
5590
9995
2251
9510
1221
9350
5820
5650
2232
5350

222
33
19
13
10
7
6
6
5
4
4
4
3
3
3
1
1
1
1
1

Japan
~~ seas
A~~~a~
French Pac~jc  beans
Panama Wit  Coast Rerun
Me~cu Wit Coast Rerun
Repub~c of Korea
Ma~ha~  beans
Rep~b~c >f China ~a~~~
Peop~e’s  ~~~~puh~c  of ~~ Nu~em k
S~gapure
Suu~ Pac~c
Panama ~n~bean  Rerun
~e~can  Samoa
Canada  Pac~c Re~on
GUN
Hung Kong
Pipped
Costa Rica,  Wit Coast Rerun
Pusan

20 34; TOTS



Appendix I: NABISS Port Profiles

By Ellen Anderson

General Summary

The following port profiles are presented as information on individual ports. Due to the
heterogeneous nature of the materials provided to us by port authorities, it is difficult to use these
profiles for port comparison purposes.

There are several methods of assessing the kize”  of a port or port system. The spatial
extent in square acres/kilometers is one gauge, as is the number of piers (docks) and/or
anchorages available for shipping purposes within a fmed  area. Another evaluation of size used
by many ports is :he actual measurements of the vessels which can be accommodated at the port.
Size of vessel may be described as tonnage, length times breadth, draft, or even height of
superstructure. Thus ports may define their size by their capability of handling the plurality of
vessels in the industry.

In addition to the above factors, ports also list their size in terms of tons of cargo
imported (commodities landed - some ports may include commodities arriving by truck or plane as
well, without separating these from seaborne  commodities), tons of cargo exported, and again the
capacity of the port to handle cargo versus what they actually do handle. Finally, ports tend to
describe their size in relation to their rate of growth over time for all of the above. .

We use number of vessel arrivals from foreign ports as a measure of port size in the
current study. These numbers often include not only cargo vessels but also cruise ships, fishing
vessels, barges, tugs, and ferries. The largest number of vessels entering a U.S. port from a
foreign source occurs at the Port of Miami, with the port systems of Los Angeles/Long Beach and
Houston/Galveston following in very close second and third places. The port system of
Seattle/Tacoma is fourth, New York/New Jersey fifth, and New Orleans sixth.

In terms of future growth, and therefore increased volumes of ballast water, every U.S.
port we sumeyed  has plans for increased trade in the future. Ports on the U.S. West Coast look
to Pacific Rim countries for an “explosion” of trade in the 21st century. Among others, the Ports
of San Diego and Miami intend to continue an expansion of their cruise industries to southern
warm water regions. U.S. East Coast ports consider that the new European Community will open
up a plurality of potential commerce. For instance, the port system of Hampton Roads expects
increased European demand for coal imports to significantly increase coal exports during the
1990s. Ports along the U.S. Gulf Coast look to the south for future opportunities in waterborne
traffic. Free trade throughout the Americas would enhance U.S. export opportunities in a region
where the U.S. presently supplies over 50 percent of all Latin American and Caribbean imports.

Almost all ports also identified developing countries as posing a significant opportunity, as
yet not fully tapped, for the U.S. shipping industry. Two examples are Indonesia and Malaysia.
As one of the largest exporters of oil and the largest exporter of liquefied natural gas in the
world, Indonesia is increasingly linked to the international economy. American exports to
Indonesia have risen by 30 percent annually in 1990 and 1991. Such exports include U.S. cotton,
which provides the core of Indonesia’s several billion dollar textile industry. U.S. supplied pulp



and waste paper are raw mat,e~a~  for ~don~ia~s along paper Edith. And vulcan  wood
product  are Hughes  variable, since ~ndon~ia  is the world’s largest produ~r of pique.  The
same pr~~c~p~~  Apple to ~a~a~~a  where te~~rnmun~cat~o~ equipment,  ~rn~uter  sof~are, oil
and gas equipments  chemjca~  ~ujprnent~  and semj~nductor  devices are prud~~d. Bavaria is
the wor~d’s  largest eluder  of these ~rnrnod~t~~.  Fur-four  per~nt  of the electronic
cumponen~ which  are spumed  into  Managua cume  from the Units States.

The 2fst ~ntu~  clearly  holds  vast potent~a~  fur e~anded  purt ~u~b  and thus greatly
increased volumes of shipping  tra~c -- and, ine~tab~~~  mute ba~~~t  water.



BOSTON

Boston is New England’s must important transportation gateway. Since the mid-1970’s,
the Massachusetts Port Authority (Massport) has conducted a systematic effort to revitalize
Boston’s public marine terminals. During the last ten years, Massport  has put nearly $200
million into the working waterfront and related facilities. Masspurt has embarked on a major
capita! construction agenda to expand terminal facilities and to support the Boston Harbor
Dredging Project. The latter is a critical need for the Port to be able to continue to
accommodate modem shipping. Presently, ships must use ballast practices to adhere to the many
requirements of the bridges in the harbor system.

Boston’s container terminal development includes Moran Container Terminal in
Charlestown, Conley Terminal in South Boston, and the Massachusetts Marine Terminal at the
old South Boston Naval Annex. The Moran Terminal is a full setvice  container terminal with a
quay length of 335 meters, anJ an open storage area of 50 acres. Massport  invested $1,045,000
towards improving and expanding the facility in 1991. The Conley Terminal handles containers
and automobiles. It received $1,523,000 for terminal expansion programs in 1991 from Massport,
and in 1992, a five year, $50 million expansion program was begun. The  Harbor Gateway
Terminal in South Boston is ho’%e to the Port’s cruise terminal. Harbor Gateway is also utilized
for cement and automobiles.

Massport’s total cargo tonnage, which declined during most of the 197Os, has grown
steadily since 1978 with exports leading the way. Export growth through the Port of Boston
continued during 1991, increasing by 5.3 percent tu 400,209 tons, a new record. Total genera! .
cargo tonnage amounted to 1,041,499  tons. Ninety-two percent was shipped in containers on
regularly scheduled direct, barge, and feeder shipping lines. Overall, the Port of Boston handled
nearly 18 million tons of cargo worth $6.8 billion, with 2,174 vessels arriving in the port. From
1983 to 1991 foreign cargo totals for the Port of Boston have fluctuated from 16,767,585  in 1983,
up to 25,944,092  in 1986, declining to 17,872,665  in 1991.

Major imports for the Port include petroleum products, cement, natural gas, gypsum, and
molasses. Principal exports include fish and products, logs and lumber, and metal waste and scrap.
Bulk terminals in Boston are privately owned and operated. The major bulk commodity is
petroleum. Other bulk commodities include cement, gypsum, salt, scrap metal, and liquid natural
gas. The  Distrigas facility in Everett, MA regularly receives shipments of liquefied natural gas
(LNG) from the National Algerian Petroleum Cooperation. T!I~ shipments, delivered by
Algerian-flagged LNG tankers, arrive in port every ll’%%~a~.

The character of commercial shipping serving the New England area through Boston
Harbor has undergone a facelift, as has a!! shipping, due to the “container revolution,” and the
necessary requirement of open acreage fur stowage and retrieval of the containers. An older,
more established port, such as Boston lacks the available space for such massive change. In
addition, the container vessels being placed in service today are increasing in size and capacity.
Studies made in cooperation with government agencies envisioned “load center” ports to which
such huge ships would be limited. Their cargo would then be directed tu “feeder” ports on
smaller vessels or barges in a domestic transportation system. Experts predict only two such “load
centers” for the East Coast - New York and another at a large southern port. Boston has rapidly
become one of the “feeder” ports within this system on the East. Coast. One third of a!! genera!
container cargo is handled by the feeder service from New York or Canada on barges ur small
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se~cjng vessels. Cargo needed to supply the New Eng!and  regiun  still flows through the Port of
Boston at the rate of mure than one mi!!~un  lung tons each year.



NEW YORK - IVEW  JERSEY

The  Port of New York/New  Jersey is situated at the mouth of the Hudson River. There
are eight separate bays and channels embracing the terminals and facilities of Manhattan, Long
Island, Staten Island, and New Jersey. Total harbor frontage along navigable waters is 1,933
miles. There are over 250 genera! cargo vessel berths. Major terminals and port areas include
Howland  Hook Container Terminal, Brooklyn Port Authority Marine Terminal, South Brooklyn
Marine Terminal, Red Hook Container Terminal, East River, New York City Passenger Ship
Terminal, Hunt’s Point, Global Marine Terminal, Port Raritan, Elizabeth Port Authority Marine
Terminal, Port Newark, Port Authority Auto Marine Terminal, 23rd Street Terminal, Fishport,
and Foreign Trade Zone No. 1 and No. 49. In addition, there are at least 39 petroleum terminals
handling various types of oils,  petroleum products, and chemicals.

In 1987, the Port of New York handled 154.5 million tons of cargo. Of this, 10.6 million
tons consisted of crude oil and 96.1 million tons were petroleum products. Crude oil cargoes
reach New York via shuttle tankers which load at Caribbean trans-shipment centers. Leading
genera! cargo imports include alcoholic beverages, bananas, motor vehicles, coffee, vegetables,
plastic and rubber materials, lumber, hydrocarbons, and fsh. Genera! cargo exports include waste
paper, plastic materials, machmEet,  textile waste, paper, motor vehicles, and steel.

Economic growth, forecast in the 1990s for both the European Community and Latin
America, could bode we!! for the New York-New Jersey bistate region as an intermodal gateway.
If the European Community becomes an import/export region fur the Far East, shipping cargo
from Europe by ocean to the U.S. East Coast (to then be flown tu the Far East), would bring
increased trade to the Port of New York. Further increases in trade are reported in the 1991-92 *
PORT GUIDE, which notes that for the fu-st)time  in 20 years, cocoa shipments from Central and
South America are coming into the Port. In addition, cargo transiting through the Port from the
Far East, via the China Ocean Shipping Company, increased from 151,000 tons in 1986 to 418,000
tons in 1990, for an impressive 177 percent rise.

Construction has begun on a major program of rehabilitating and upgrading the existing
marine terminals and warehouses in Port Newark, Elizabeth Port Authority Marine Terminal, and
Red Hook Container Terminal. The Port Authority is developing the Greenville Industrial
Development on 50 acres of the west shore of upper New York Bay in Jersey City.

Reference Publications:

1991-92 Port of New York & New Jersey Guide Elizabeth: PRIDE
Lloyd’s Ports of the World
USCG Pan Needs Study - Volume II’: Appendices, Pati 1IAugust 1991
Port of New York and New Jersey Oceanborne Foreign Trade Handbook 1991, 1992
The Port Authority of NY& NJ - Annual Report for 1990
K54 Port of New York and New Jersey - June, Dee 91; Jan - Sept 92
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Genera! Infu~atiun
ne Delaware River Port Area, which ~c!~d~  the cities of Philadelphia, Camden,

Gluuc~ter~  Chester, Marcy Hook, Pau~boru~  W~rnin~un~  and Trentun, is knutm as the Ports of
Philadelphia. It is ~ntra!!y located on the Atlantic seabuard~ and is part of the States of
Pen~ylvania~  New Jersey- and Delaware. The Ch~apeake and Delaware Canal  cunnec~ the
Delaware River with Ch~apeake Bay. P~ncipa!  irn~~ and exports  are fruit, steel, crude
petro!e~m  and petru!eum  pr~uc~~  lumbers  p!~~~ vehic!~~  cocoa beans, paper9 coal, ore,
ferti!ize~~  and meat, There are seven redness  and tanker terra! faciliti~ on the Delaware
River, and a total of 41 oil berths at Ph~adelp~a.

P~!ade!phia
The Port of Phi!adc~phia  is !c- .:r,d on the Delaware and Sch: I !  Rix, Port faci!iti~

consist of 52 marine ;xmins! ~mp!e~~ which p~u~de  a tuta! of 115 >-drr r&s. Major
te~inals  are the Pasha Auto ‘Regina!  (a major impu~-emus  autos, .e pr: . faci!it~~,  the
Penn Terminal ~hand!~ genera! cargo including ~ntaine~  breakbu~ and ~~~ubu!k~,  Pier 80
~hand!jng  commuditi~  such as ru!!~ paper, pulp, steel, !umber~~  Pier 82 and Pier 84 ~faci!iti~
handle steel, containers  fruit,. b~kb~lk,  and heavy lift cargu~~~ Packer Avenue Maine  Te~ina!
~containe~~  Ro-Ro, and bulk cargu~,  Tiuga Maine Te~ina!  ~~ntainer and bulk cargo - the
termjna!  has added a 1~~~ square foot fruit shed to handle the incre~ed i~po~  of Chilean
fruited  Girard Point ~genera!  cargo, grain piers, Green~ch  Puint  (ore, coal,  and fe~ili~r~~  Port
Richmund  (ore, coal, grain, and other bulk ~rnrn~iti~~~  Nu~hem  Shipping Te~ina! ~genera!
cargoes including ~ntainerized~  breakbulk, and Ru-Rude  and a Furei~  Trade Zone. l

PIans are being d~elup~  fur a Regional Inte~oda!  Tra~fer Facili~ in South
Philadelphia on a 106 acre site next to the Packer Avenue Maine Te~ina!.

Other Ports
Located in the Central Har’ x area acruss  frurrl Philadelph~ :he are River,

Camden semes  the DeIaware  Va!II. area and pa~icu!~~!y the rapic +ndr uthern New
Jersey region. Waterborne ~rnrne~~~  is handled through  severa!  fal 2s in
Camden~G!oucester  area. Camden has two te~ina!s  pru~d~ng  Eve L.rths ani *an handle a!!
types of genera! cargu as we!! as many types of bulk cargu~ ~sma!! amount of ~ntaine~ hand!~~
but no Ru-Ro facilities.

The Hoit Marine Te~ina!  in adjacent  Gluu~ter  City has a major e~ansion  program
unde~ay‘ Principal import and e~ur~ for the ~mden~G!uu~ter  area include cua!, petru!eum,
coke, pig iron, pl~ood~ bananas, salt, scrap metal, and steel, In 1989, the port handled 2~33S,4~
tons of cargo.

~cated on the Delaware River south of Phj!ade!phia  at the Ma~!and  State burder,
Wi~mjngton  + ble tu handle genera!, dry bulk, reefer, Ru-Ru, and ~ntainer  cargu~. P~ncipa!
commudit~e c&de ~surn~ ore, petr~uke.  iron an&  ?ee!, sah, vehic!~,  bar -*:as, lumber,
aluminum, t- en beef, fresh fruit, and uran, : juice. ..;ther  berth instruct: :nd a reefer
warehouse ~~ansion are planned.

Reference Publications:

L~oyd~s  Ports of the World



The Port of Baltimore, !ucat~ on the Pataps~ River in the north section of the
Ch~apeake Bay, has sea ruut~ via the main ship channe!  and Ch~apeake Bay to the sea, or via
the Ch~a~ake  and Delaware Ship Canal to ~!aware Bay and the sea.

The Port of Balt~ure has 64 genera! and 13 bu!k cargo berths. The largest genera! cargu
handling fac~~~~  is Dundalk Marjne  Termjna!  ~ve~ng 175 acres with 13 deepwater berths of
which seven are used exc!~jve!y fur ~ntajner cargo, Dundalk has Ru-Ru p!atfu~ as we!!, and
a p~senger setice  b~ildjng  fur cruise ships, The Noah Locust Point Te~ina!  ~~js~ of seven
genera! cargo berths, and a grain pier and e!evatur~  Other termjna~  operated by the Ma~land
Part Administration include  the South Locust Point Te~jna!, Cljntun  Street Marine Te~ina!,
and Haw~ns  Point Te~ina!.  Atlantic  Terminal  manage a 432 acre autumubjle  jmport  fac~!i~,
Sea-Land operate a te~ina! fur its European, M~ite~anean~  an3 Far East ~nta~ner services,
and the Seagirt  Maine Te~jna!  is a ~ntainer facj!j~  imposing  170 acres. Rakes Te~ina~
~r~ratjon  handles bulk cargu. ~~olidatjun  Cua! Sales is a cua! export termjna!  ~~up~ng  130
acres. There are also te~inals  at Port cannon  (coal  and grace, and Curtis Bay (coa!), At
Sparrows Point, Bethlehem Steel ~mpany uperat~  the largest tjdewater  ore duck in the world.
Forejgn  Trade ones No, 63, %i 74 are included in the Port, the latter of which is located near
D~nda!k  Marjne Terminal on 127 acres of land.

Principal import fur the Port of Baltjmure  are genera! cargo, petroleum, ores, !umber,
and motor vehicles. Exports jnclude  genera! cargos* grains, cua!, and chernj~~.  haste trade
is pr~mar~!y  in petroleum pruduc~. l

Plans for the Port include deepening of the channel to a~mmudate the larger vesseb
now used tu move bulk cargoes. Dredgjng  at DundaIk  will a~mmodate iarger ~ntainer  vessels.
The Ma~!ar Port Administration plans to develop a 350 acre area of BP. Aore Harbor intu the
~~ason~~!!e  ?. -rine Terminal multi-berth ~ntainer facjli~~

Reference Pub!~catiuns:



HAMPTON ROADS

Genera! Information
The Hampton Roads port system, located midway along the Atlantic Coast and at the

southern section of the Chesapeake Bay, includes the major ports of Norfolk and Newport News.
Other ports within the system include Portsmouth, Chesapeake, Hopewe!!, and Richmond.
Vessels entering from the sea follow a course between the Virginia Capes, across the lower end
of Chesapeake Bay, and into the deep waters of Hampton Roads. Two channels extend through
the Roads. One follows southward into Norfolk, Portsmouth, and Chesapeake via the Elizabeth
River, and one follows westward to Newport News, and then up the James River to the ports of
Hopewel! and Richmond.

In 1990 exports at Hampton Roads reached 61:l million  tons of cargo, while imports
reached 9.4 million tons. This 70.5 million tons of foreign waterborne commerce exceeded every
other port in the U.S. in foreign ttJde for the second year in a row. The 1991 total tonnage
figure for Hampton Roads is 73,145,766.  Annual vessel arrival figures from 1987 to 1991 show a
steady increase from 2,744 to 3,158 over the five years. 1991 was the Port’s ninth consecutive
year of growth.

Hampton Roads comni’&ia!  shipping is dominated by colliers, which represent the largest
ships moving in the Chesapeake Bay. Roughly half of a!! U.S. coal exports are shipped from the
ports system. In 1990, coal loadings rose to almost 62 million tons. Hampton Roads is expected
to experience additional increases in exports due to increased European demand for coal imports.

Since 1983, genera! cargo shipped through the port system has tripled from 2.5 million -
tons to 7.6 million tons in 1991. Container traffic volumes are forecast to grow by 65 percent
during the 1990s expanding from 13.5 million Twenty-Foot Equivalent Units (TEUs) this year to
22 million TEUs  by the year 2000 (Ocean Shipping Consultants).

Principal container handling facilities are at the Newport News Marine Terminal, Norfolk
International Terminal, Portsmouth Marine Terminal, Lamberts Point, and Sewells  Point
Terminal. There are also facilities for handling iron ore, bauxite, ore, and sulphur.  Other
facilities include a fumigation plant, a defrost plant for meat, and a liquid nitrogen tank for
refrigerated containers. Lamberts Point in Norfolk provides berthing space fur 17 vessels
simultaneously on three piers which handle varied cargoes. There are two major coal terminals at
Newport News, and coal piers also at Norfolk. Grain elevators are at both Norfolk and
Chesapeake ports. The Elizabeth River Terminals in Chesapeake handle genera! cargo.

Hampton Roads has plans for a 15 million tons/year coal export facility to accommodate
the steady increase in coal export demands. Newport News Marine Terminal expansion projects
have increased cargo handling capacity by 275,ooO tons. Wharf extensions and dredging for
additional ship berthing space at the Portsmouth Marine Terminal will extend cargo handling
capacity by 610,000 tons. Norfolk Southern Corporation plans to double the size of the Norfolk
International Terminal, and to introduce double stack container trains to Hampton Roads thus
linking the area to service to the West Coast, and making  it one of the Largest intermodal
terminals on the East Coast.

Other Ports
The 120 acre Port of Richmond, located on both banks of the James River sume 84 miles

upstream from the Port of Hampton Roads, handled a record 467,293 tons of cargo with a total
of 125 vessel calls in 1990-91. Principal imports and exports are tobacco and containerized
genera! cargo. Norfolk is the U.S. Navy’s largest operating base on the East Coast.
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Hampton Roads 1991 Exports (short tons)

Europe

Asia

Mediterranean

Middle East

AustraliaDJZ

South America

Africa
.a.

Centrai  America

Caribbean

TOTAL

l&43,064

1,321,974

393,535

233,353

132,660

128,004

119,426

10,816

9,184

3,992,016

Reference Publications:

Hampton Roads Maritime Association
Lloyd’s Ports of the World
NABISSINV/#l
USCG Port Needs Study - Volume II, Appendices, Pati  l/August 1991
Port of Greater Hampton Roads Annual Report 1992
Virginia Matitimer  - JanlFeb 1992
Virginia Port Authoriry  Foreign Trade Annual Reports - 1988-1990



Genera! ~u~atjun

@Ihe  Port of Charl~ton Evans its ~sjtiun as a wurld-cab ~ntainer  port in 1991,
mo~ng a record  6.3 milliun  tons of ~ntaine~  cargo. me sp~ia!~  ports  of Geurgetu~  and
Port Royal also continued to make ex~!!ent pro~~~ ~sitiu~ng  the~elv~  for increased
pa~icipat~on  in non-~ntainer  cargos such as salt, paper, steel, and clay. Some 2 mi!!iun  tons of
breakbulk cargos  muved  across State Ports A~tho~~ fac~!iti~  in 1991, b~ging the tuta! cargo
position to 8.3 ~!!iun tons.’ ~SCS~A Annual Repour  South CaroIina  exports incre~ed by 82
percent ~e~een  1987 and 1990.

Charl~ton

The Port of Cha~l~ton  has container ha~d!ing  faci!it~~  at th >rth Char!~tun and
Wando  Terminals* The Port’s ~lurnb~  Street Te~ina!  has be~hir .r breakb~!k~ ~ntainer~ ,
and Ru-Ro vessels, Union Pier Te~ina!  ‘is a breakbulk term~a!  where most!y  fur~t product
are hand!ed.  Ro-Ro and passenger vessels can a!so be a~mmodat~  at Union Pier, A ~rtable
Ro-Ro ramp is now in opera~~and  can be moved to any te~ina! ~thin  the Port. It is
designed to ac~mmodate two vessels simu!tan~~!y  and has a capaci~ of 100 tons-  Fur coal
export, the Shipyard River Cua! Terminal has a m~mum throughput of 4~~~~  to~~ear. The
Port has inte~oda!  yards located ad~a~nt to it. Foreign Trade Zone No- 21 Utopia part of the
Port,

Statistic  for the Port of Charl~tun as fu!!o~: the number  of v~sels~arg~  at the Port -
from 1981 to 1991 has been gradually d~reasing and variable from 2,161 to 1,543; the total
export tonnage for those same years has been on the rise frum 3~696~497  to 7,~79~4~ tons  with
imports ~uctuating  between 1,~2~~5 and 2,~1~162  tons and exports ~uct~ating  aeon
2~347,801  and 4,~0~943 tons. ~SCS~A~

Tbe Port of Charl~tun reinvested ~22.6 million in 1991 in new faci!iti~ and shipment  to
further improve the ef~cien~ of the port. ~mpletiun  of the Wandu Te~ina! will  add
appro~mately 15 percent to e~sting ~ntainer throughput capaci~ at Char!~tun~  Huw~er  this
$75 to $80 million effurt will pro~de  capaci~ for ~ntinua!  gru~h  un!y through about 1997, A
completely new marine terminal for Charl~ton~  bud as Termina!  X, is in the planning stagy-
mis terminal may be located on Daniel Island cured by the Guggenheim Fuundation~~  and is
erected to serve Suuth Caru!ina~s needs we!! into the next quarter-~ntu~.

Other Ports

Port Ru~~~ is located inland from the Atlantic ocean, off Port Royal Sound. The ucean
entrance to Port Royal Suund is southwest of Charl~ton  and northeast of the Savannah River-
The Port has a single marginal ~ncrete  berth at present pa~ia!!y under ~~t~ctiun  which has
one modern transit shed, a warehouse, and open land available fur outside -age, Principal
im?zrs  and exports fur the Port are calcium  stearate, clay* !~mber~ ne~p~. ?aper ru!!s, plate
giasj, and slurry. Plans fur the future z.! Port Royal pru~de  fur two  additi~ berths and an
expanded, modern warehu~e  faci!i~~ hnd a yard crane and gant~  service L bulk and
container~ed cargo.

Geu~e~o~  is a landlocked port with twu docks  fur bulk and breakbulk cargu~.
Imported Iumber  is the principal ~mmudi~.  International Salt Co has a storage and proc~sing
facili~ for evaporated salt- Santee ~ment  Corp. has a ~ment  discharging terminal at the



dockside. There are also tanker facilities. In 1989 some 56 vessels handled 890,000 tons of cargo
at the Port..

Reference Publications:

Lloyd’s Potis of the World
South Carolina State Potts Authority Annual Report Fiscal Year 1991
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Savannah is a natura!~ landluck~ ~~hwater  har~r 18 miles from the At!antic.  Ve~i~!
clearance below the Talmadge  Memu~a!  bridge may cause ships to raider deba~~ting.  Foreign
Trade Zone No. 104 setves  the Savannah area.

Mayor cargos handled by the Port’s faciliti~ include the breakbulk ~rnrn~iti~  of
kaolin clay, steel, linerboard, woudpulp~  fu~tu~, machinery and the !i~uid bulk ~rnrn~iti~  of
anhydruus ammo~a,  jet fuek, clay slur, and vegetable 0%. ~~cu!t~ra!  tonnage ~~~~ of
wheat, soybeans~  corn,  peanut mea!, and peanut- From 1982 to 1992 the Port’s d~pwater
te~inals  have hand!~ a fairly steady rise in total tu~age hand!~ from 10,9~5,~~  tuns to
13,5~~~8  tons. The number of vessel calls begun 1989 - 1992 ranged between 1,496 and
1,659.

The Pert of Savannah arise of the Garden City Te.~ina! with its three genera! cargu
berths, Ocean ~-ermina! with ten genera! cargo berths, and p~vate cargo faci!iti~ at the East
Coast Terminaj-  The Port alsu  has a grain elevator, a bulk aragunite unloading faci!i~ with
conveyor s~tem, a wood chip facility  and be~hing space fur cement, ~sum, bulk raw sugary  and
bulk kaolin commoditi~, ~e.~rden City liquid  bulk facili~ can !uad~d~charge  petru!eum
produces  fats, oils, and rnola~s~~  There is a!so one berth used  fur d~char~ng  molten sulphur-

Improvement to the Port of Savannah include ~dening  of the na~gatiun channel and
reno~fat~ng  of the Garden City ~ntainer  Te~ina!.  Plans fur the development of 2~2~ acres of
Iand up river from the Garden City ~ntainer  Terminal, with ~ssib!y eight new te~ina~ .
const~cted,  are being disc~sed~

Other Ports
Situated on the Atlantic coast 60 miles south of Savannah~ the Port of Br~~~ck is the

home of Fureign Trade Zone No. 144. The p~ncipa!  im~rt is potash,  and princ~pa!  exports are
kao!in,  grain, wood produces  liner board, and wood pulp. T!: ~ru~w~~  k Port Authu~~  operates
the East River Termina!~ a bulk mate~a!  handling dock with :~paci~ tu ac~mmudate 180~~
tons of cargo, situated 13 miles from the harbor entrant. The Mayur~s  Point Terminal has five
acres of open storage for break bulk cargos  and a petroleum barge loading berth. Ru~u faciliti~
are available at the ~lunel~s  Island Te~ina!~ ne Port also has a pulp plant duck and chemical
do&s In 1989 the Port recorded 192 vessel calls.

Reference Pub!icatiuns:

Geo~a Potis Authors
Loomis  Ports o~~he Work



MlAMI

The Port of Miami covers an area of 600 acres, and is located on two connected, limited
access islands =- Dodge Island and Lummus Island =- in protected Biscayne Bay. The Port has
vehicular and railway bridge access to the island complex. Dodge Island is the cruise line center,
while Lummus Island is the commercial section of the Port.

The Dodge Island complex consists of 12 passenger terminals which serve the 23 home-
based cruise ships located at the Port. Regular sailings are tu the Bahamas, the Caribbean, and
Central and South America. The  Port of Miami forecasts that the cruise industry will continue to
expand during the next.decade  and beyond. Dodge Island facilities provide 10 Ru-Ro ramps
designed specifically to serve those cruise ships which can carry passenger cars, and/or
containerized cargo.

Due to the economic success of the Port’s cruise industry, the Port handles only “clean”
cargo. Petroleum, and a!! bulk products, are prohibited from the Port of Miami. Lummus Island
Container Terminal has a total berth length of 1,705 miles. Imports include clay, tile and brick,
refrigerated fruits and vegetables, coffee, tea, spices, and alcoholic beverages, while exports
include commodities such as paper, machinery, auto parts, fresh citrus, and various consumables.
Traffic figures for the year 1989 note 1,883 cargo vessels with 2,917,839  tons of cargo handled at
the Port, and 1,811 cruise ships with uver 3 million passengers.

An expansion plan is underway which includes the construction of two additional
passenger terminals. The main channel from the sea lanes to the container berths is to be
dredged to enable the Port to handle the largest loaded container vessels, and four Ro-Ro berths
are to be added to the Lummus Island complex.

Of greatest impact will be the completion of a five-lane fMed-span  bridge (under
construction, and already in use) from the mainland to the Port, which will facilitate cargo and
passenger traffic to and from the Port. The Port’s 26-year old two-lane drawbridge is now
outdated. The access bridge, and related roadway enhancements, constitute a $52 million project
to ease traffic flow between the Miami mainland and the island seaport. The 65-foot  high bridge
allows traffic to move without interruption to and from the Port, saving shippers time and money
in moving freight.

Long-range plans exist for the construction of a tunnel link to the interstate highway
system.

Reference Publications:

Lloyd’s Ports of the World
Port of Miami Annual Repotis  1990, 1991
PO; of Miami Official Directory 1991
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NEW ORLEANS

“The Port of New Orleans is situated at the confluence of a gigantic transportation funnel
created by the waterway system of the Mississippi River and its tributaries. The Port takes
advantage of the nation’s inland waterways system and is the main center of barge activity and
LASH vessels in the country. The harbor extends into the parishes of Orleans, Jefferson, and St.
Bernard. Wharves and facilities are also found along the Mississippi River at Pilot Town, Ostrica,
Empire, Port Sulphur, Davant, Myrtle Grove, Alliance, Chalmette, Gretna, Marrero, Westwego,
Avondale, Destrehan, Good Hope, Norco, Taft, Gramercy, Convent, Burnside, Donaldsville,
Plaquemine, Port Allen, and Baton Rouge.* (Lloyd’s)

The Port of New Orleans consists of over 22 million square feet of cargo-handling area
with wharves and terminals spread over 22 miles of waterfront along the Mississippi River,
Industrial Canal, and the Mississippi River-Gulf Outlet. There is a total of 110 cargo berths
within the port area. Foreign Trade Zone No. 2 occupies 19 acres of space of which
approximately 50 percent is shedded. The area is located adjacent to and north of the Napoleon
Avenue Terminal. Vessel traffic to the Port must consider ballasting to navigate under bridges
enroute to Baton Rouge. Principal imports of the Port include crude petroleum, coffee, iron and
steel products, machinery, non-ferrous metals, and petroleum products. Exports include grain,
machinery, animal feed, chemicals, petroleum products, and non-ferrous metals. Cargo activity at
public facilities from 1985 to 1991 ranged from 16,290,537  to 20645,244 tons during the seven
years.

Construction has begun on a five-year, $200-million  capital improvement program that will
reshape the Port of New Orleans relative to breakbulk, neobulk, and containerized cargo,
including three super terminals at the wharves on the Mississippi River. Two of the terminals -
Nashville-Napoleon and Louisiana Avenue - will be multipurpose terminals handling a broad
range of cargo. The third, the Harmony Street-First Street Terminal, will be developed to meet
the needs of steel and neobulk freight. The $74-million  Nashville/Napoleon Multipurpose
Terminal is under construction. When complete, it will tie two of the busiest wharves in the Port
together, and provide a total of two miles of unbroken wharf, making it one of the longest
continuous wharves in the world. At the Harmony/First Street Neobulk-Steel Terminal,
construction for a connecting wharf to bridge the gap between the Louisiana and Harmony Street
wharves is scheduled. Construction is also slated for tidewater terminal improvements on the
Industrial Canal. The Mississippi River channel from the Gulf of Mexico is to be deepened to a
depth of 44.5 feet. Future proposals are to further deepen the channel to 49 feet, and eventually
to 54 feet as far as Baton Rouge.

Reference Publications:

Lloyd’s Port of the World
NA BISSINPI#  7
U,$CG Port Needs Study - Volume 11: Appendices, Part  1lAugust 1991
PoH of New Orleans - 1991 Annual Directory



General  ~u~atiun
The ~a~~~tun-~uustun  re~una~ port sited ~~~ud~ the Port of ~a~v~tun~ the

neigb~~ng  large Port  of ~u~tun ~in&~uding  the ~u~tun  Ship ~banne~~~  as well as the s~a~~er
ports  uf Fr~~~~  and Texas t3ty. The cuqfex is me of the busiest purts in the ~n~t~  Stat~~
ran~ng third (after Valdez  and Delaware Bay) in the tu~ag~ of crude oil bander,  and second
(after Hew Turk) in the tunnag~  of ~etru~e~~  ~rud~~~.n  ~~~~  ~~~~ ~~~~

Situated  at the e~tern~end of ~a~v~tun elands off the Tixas casts the Port uf
~a~~tun  has a jetty sited basting of two ~anite brea~ate~  w~~~~  ~ara~~e~  the outer
channel and extend a~russ the inner and outer bars and out into the Gulf of beak. Puti  of
~a~~~tun wears are mutate on the north side of the island.

The Port has ~~anged  since the early  ~~~~* Several  ducks have been d~truyed  by fires.
~a~v~tun used to be the ~~nt~s third largest ~ttun ~~u~er.  Other breakb~~k  ~~~udit~~
were tea, rice, ~~~uud,  In f992, these e~urts  are very ~~~ited.  The Port has one ~nta~ner
te~~~a~  with an active fruit trade via Del ~unte of banana and F~nea~~~~. ~a~v~tun  has two
major grain ~w~eat~  ~~~ e~evatu~  with a total  storage ~a~a~i~  of nearly ~,~,~ ~~s~e~.
There are 22 s~~~s~de  war~~u~s~ ~~~je~y  used fur stu~ng  sacked goods and general ~argu~~~  and
ten urea-dusk berths with paved areas. The ~a~ur~~  of traffic se~ng the area carries ~etru~e~~
or values fuss of ~azardu~s  cargo.

A ~jg~way and rail causeway spans the west end of the ~~a~ne~  ~nne~ting Ga~v~tun  to
Pe~~~a~  Oswald,  the Port’s oil  terminal.  Pelican Island r~~~v~ garage  fuels from tankers and
distributes  it as bunkers  directly  or by barge, Future deve~u~~ent  of ~a~v~tun  calls fur
~u~st~~~tju~  of a ~~~tj~~r~use  twu berth breakb~~k ~argu and cold  storage fa~i~j~  un Pelican
Island.

The Port of ~u~tun  is sjt~ated  on the ~u~stun Ship C~an~e~~  sume  40 plus miles from
the Gulf of ~e~~u~  From  ~u~jvar Roads at ~a~v~tun Bay the ~u~stu~ Ship ~~anne~  extends
i&and tu the d~~~-wat~r  ~u~stun ~~rn~ng  Basin. Vessels day find ba~~~t~ng  ne~sa~ enru~te
due to Bridges*

The Pat of ~u~stun  ~u~~~ex  has over 200 piers and w~a~~~ from the earning Basin to
~urga~s Point, near gamut where the ship channel  enter ~a~v~tun  Bay. ale 60 of these
piers handle  general ~argu. The re~ajnder are s~e~ia~iz~  wears and belong to the ~~~~~x of
re~n~~jes*  ~~e~j&a~  plants, steel mills,  and other ~nd~stri~  that line the planned.  The Furejgn
Trade Zune No, 84 has 1,500 acres of open land and ware~u~se  space.

The ~a~urt  ~~d~str~a~  ~eve~up~ent, a ~~e~j~a~  and ~~e~jca~  s~e~~a~~  ~~~~ex,  is me of
thk largest of its kind in the U.S. At ~ay~urt*  a bulk ~j~~jd  &argu  terminal  is eatable of ~and~jng
fuur u&~a~-gujng  tackle and five barge at once, with a sturage ~a~a~i~ of ~~~~ barrels, and
plans to increase this ~a~a~j~.  The Barbuda Cut ~er~i~a~  is located at the ~urga~  Point
fa&j~~~.  This t~~~na~ in~~~d~  Ro-Ru fa~j~jti~ and four majur  ~nta~ner wears=  Twu mure
~unta~ner  w~a~es  are to be &unstr~~ted.  ~ntaine~  are also ~and~ed  in the ~~rnjng Basin area
at one ~~b~j~~  and several private, ~ntainer  t~r~ina~s.  The b~~k te~~na~  at Green’s ~ayu~  on
the ~u~stun  Ship ~~anne~  has recently ~ndergune  e~e~ive  ~udi~~atjun.  The Port of ~u~tun
us and u~erates a grain e~evatur  with a ~a~a~i~ of six ~j~~jun  b~s~e~s. There are aLu four
other ~rjvate~y-u~erated  e~evatu~  along the ~u~stun  Ship planned gj~ng the Port a total grain



capacity of more than 30 million bushels. Tanker facilities fur handling bulk liquid commodities
are numerous at various refineries and manufacturing facilities along the Houston Ship Channel.
Tonnage fur up to 10,000,000 barrels of crude oil and liquid products can be accommodated.
There are six liquified  gas terminals within the Port of Houston complex.

The Port plans for an automobile import berth to be created. A new Ro-Ro shed is to be
made available which will double the existing storage capacity fur heavy marine cargoes. A recent
study is in favor of both widening and deepening the Houston Ship Channel.

Other Ports

The Port of Freeport is situated at the mouth of the Brazos River (south of Houston).
Principal imports and exports include bananas, chemicals, grains, heavy lifts, lumber, pipe, rice,
and steel. The Port has modern deep water terminals and a new barge terminal. Dow Chemical
Co. operates one dry cargo berth, five oil and chemical docks, and several chemical barge ducks
Phillips Petroleum Co. operates five oil berths and one barge dock. A recently completed oil and
chemical barge duck on Quintana Island with tank storage capacity of 640,000 barrels is operated
by Old River Co. Foreign Trade Zone No. 149 has recently been set up and covers over 1950
acres.

Work is underway to deepen the navigation channel and to purchase more waterfront land
in an effort to diversify activities. The plan calls for the eventual take-over of three tanker berths
currently out on lease, plus a site for the building of a grain elevator as well as container facilities.

Texas City is reached by passing through the jetties protecting the channels leading to
Galveston and Houston. The Port has 43 berths, including a bulk cargo handling facility on a 93
acre site, a steel and concrete dry cargo dock, five covered warehouses, 12 berths fur tankers, and
extensive berthage for barges. Four railways serve the Port, and space is available for future
development. The Port’s principal imports and exports are oil, oil products, chemicals, and dry
bulk commodities. In 1989 vessel numbers reached 1,063 vessels and 6,331 barges, with
48,411,404  tons of cargo handled.

Reference Publications:

Lloyd’s Qor?s of the World
NABISSINPH8
USCG Port Needs Study - Volume II: Appendices, Part IJAugust 1991
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SAN ~~~0

The Port of San Diego, the first U.S. port of call on the Wit Coast frum the Panama
Canal, is a center of trade, shjpping~  ~mrnerc~a~  ~sh~g~  and r~reat~un. It is Z+ miles lung and
cuvers over 23 square mites of water and land. The Navy-  Coast Guard, and marine Corps
u~upy  and utj~j~  sizeabfi areas of the Purt (the f~era~  guve~ment  us substant~a~  ~rtju~ of
the tjde~an~~.

The cruise ship ~ndust~  plays a large part in the volume of tra~c at the Port of San
Diego. In se~un~  cruises to the ~~e~can Rj~era~  and a va~e~ of other d~tinatiu~  u~gjnate
from the cruise ship terminal.  Cruise uperatiu~  screws ~rther  in 1991 with the advent of
one-day cruises to ~~enada~  To a~ommodate  the future hush of the cruise ship jnd~t~,  the
Port of San Diego began planning  an e~ansiun  of their cruise ship te~ina~  in 19X hung  with
the completion  of re~~t~ctjon  of the ~5-year  old  ~ruadway  Pier ~~~.~ mi~~iun  renuvat~on~~
plans are being developed  fur a sea~and  ~rnp~e~ In add~t~un,  the Port is generating plans to
rede~~e~up  the B Street Pier in order to a~mmudate mure  and larger  cruise ships.

The Tenth Avenue ~a~ne Terminal  and the Natiuna~ City marine  Te~~na~  are the two
main commercja~  shippjng  faci~itj~  in San Diego. The Tenth Avenue marine Te~ina~  is a %
acre ~rnp~ex.  Prjncjpa~ unbound  cargoes are general  merchandjse,  fert~~i~r,  canned fish, and
ne~prjnt. ~ment  &rives from ~anzani~~u  and guard. From ~e~can Samoa, shjpmen~ of
tuna arrive on a monthly  basis. The steel used to build the new $165 mi~~iun  ~nventiun  center
came thruugh  this facj~j~-  Major outbound cargu~ are corn,  wheat, and put~h=

The Natjuna~ City ~arjne Terminal  is the largest cargo hand~jng  faci~i~  in San Diego Bay-
Deve~upment  of the te~jna~,  a ~~-acre ~rnp~e~ ~gan in 1968. The pr~ncjpa~  cargues  at this
termjna~  are vehjc~~s~  ~urnber~  and fuel oil. The te~ina~ is the ~ucatjun  of one uf the largest
autu transpurt facj~jties  on the Wit Coast. The number  imported here is generally  from the
Pacific Nurthwest-

The Port is seeing addjt~una~  cargu~ to support the local ma~t~me  indite. The
current auto transpurt fleet may soon be joined by a fleet of fruit cargo ships. Since l~~-~~  the
Port has had high expectatjuns  fur new marjtjme  ~rnrner~  in the form of such cargu~ as
refrjgerated fruits and ~mmudjtjes.  A recent feasjbi~j~  study repurt~ that San Diego has the
potentja~  tu attract 30 percent - 40 percent of the total U.S. West Coast  market fur Chilean  fruity
as well as fruit urjg~natjng  from New ~a~and, to be~me a major partjcjpant  in the gru~ng
internatjuna~  fruit trade ~ndust~.

Reference Pub~jcatjuns:

scorn Port to Starboard;  EI aged tour abuzz the ~0~ essay bingo
Lloy~s Pans lathe  World
NAB~SS~N~~#~~
Sag ~~ego ~~~~ed  P& ~~~~t



LOS ANGELES/LONG BEACH

General Information
The Los  Angeles/Lung Beach port complex ranks as the second  largest container put-t  in

the world. Los Angeles is the leading container port in the United States, and Lung Beach is the
third largest. NABISS interviewers were told that .tremendous growth is expected here.’
Forecasts indicate that to meet consumer demand into the 21st century, cargo volume through
Los Angeles/ Lung Beach is expected to rise to 140 million tons by the year 2020, doubling the
current annual throughput.

To meet the needs of the future, the Los Angeles/Long Beach port complex is cultivating
trade with bigger ships and more containers. The 2020 Program is a multibillion dollar phased
plan of dredging, land filling, and facilities construction which will create the world’s largest
intermodal transportation hub.

Lung Beach
The Port of Lung Beach is on the eastern part of San Pedro Bay 25 miles south of the

Los Angeles industrial area and adjacent to the Port of Los Angeles. Marine terminals consist of
8.25 miles of berthing space, comprising 67 deepwater berths - 26 in East Basin, 16 in Inner
Harbor, 22 in Southeast Basin, and three in West Basin. Long Beach has a channel depth of 70
feet, but some of the inner harbor berths have depths as shallow as 35 feet where deballasting
may be necessary.

There are six terminals for container and Ro-Ro facilities. The breakbulk and general
cargo terminals handle a wide variety of cargoes, including lumber, plywood, newsprint paper,
steel products, fruit, and automobiles. Specialized terminals serve the requirements of dry bulk
cargoes, containers, and oil. “Although the emphasis is upon container traffic, Lung Beach is
rated by the Center for Marine Conservation as the eighth busiest port in the U.S. from the
standpoint of moving crude oil. The combined ports have a heavy schedule of tank ships and
petroleum product barges.” (Port Needs Study)

In fiscal 1990-91, Lung Beach handled nearly 73 million tons of cargo. Lung Beach .
outdistanced East Coast leader New York/New Jersey in container movements, and is far and
away Toyota’s primary U.S. port entry. Over  the next three decades, Lung Beach container
cargo is expected to triple. Vessel activity for the Port of Lung Beach during the fiscal years
1984/85  to 1991/92  varied between 4,652 and 5,785 vessel calls (this includes tugs and barges but
not fishing and pleasure craft). “The U.S. Navy transits to and from Long Beach Naval Station
are increasing and add another dimension to overall traffic.” (Poti Needs Study)

Foreign Trade Zone No. 50 is situated in North Lung Beach and is operated in
conjunction with the Port of Los Angeles. Though the Port may be the largest car importer on
the West Coast, the car carriers coming into the Port are of minor importance in the Port’s
overall picture.

Los  Angeles
WORLDPORT LA occupies 7,500 acres and 28 miles of waterfront, and has marine

terminals that presently handle more than 60 million metric tons of import and export cargo
annually. The greatest increase in West Coast foreign trade (from 1983 to 1990) occurred at the
Port, which handled 24.7 million tons in 1990, a 102 percent increase of 12.5 million tons over the
seven-year period.

The Port has three distinct sections: the San Pedro District, the Wilmington District, and



the Te~jna~  Island D~t~ct.  The Port now has ten rn~~rn  ~nta~er  te~~a~ spread out among
the three djst~c~.  With ~ntainer  throughput fur 1991 ~ua~~ng  2.1 rni~~jun  ‘I’EUS,

WOR~DPORT IA is the built  ~ntainer  port in the United States. In addit~un  to ~nta~ner
traffic and petru~eum  pruduc~, there is a ~~~derab~e volume of genera1 cargo, inc~~djng
auturnubj~~~  Bulk ~uadjng  and un~uad~ng  faci~iti~  at the San Pedro D~trict  handle cual, iron ore,
iron pellets, cupper and zinc ores,  and grain. Dry and piqued  bulk  throughput fur the Purt
a~uunt~  fur over 45 percent of the total cargo volume in 1991.

7he U.S. cruise market was one of the Port’s sum stories in the 1980s  and ~u~h
shows no signs of taj~~ng  off in the ~~*%~Wur~~~~ ~-~~~~  C~a~t L~ad~r~ Pru~~tju~  indicate
that the gru~h of the cruise travel ~nd~t~ will ~ntinue thruugh  this decade, with ~5~,~
passenger  on 475 ship calls expected by the mid-~~.  The new World Cruise Center is Iocated
along the Majn  channels whjch  is a l~~-f~t  wide u~an corridor that gives maneu~e~ng  rim
fur the largest cruise liners, This facj~j~ can a~mmudate  five cruise ships sirnu~tan~~~y-  With
these facj~~t~es  in place,  WOR~DPORT  IA expects to maintain its hold as the leading  Wit
Coast passenger port.

Reference Pub~jcatjons:



SAN FRANCISCO/OAKIAND

General Information

The major ports of the San,Francisco  Bay area include San Francisco, Oakland,
Sacramento, and Stockton, “The area ranks as the fifth largest port in the U.S. in terms of crude
oil handled, and sixth in teti of refined oil.” (Port  Needs Stiy) Approximately 25 percent of
the arrivals in the bay are tankers and more than 10 percent are container ships. Facilities
support a wide mix of traffic, ranging from petroleum tankers to passenger vessels.

San Francisco

The Port of San Francisco has 18 maritime piers, including a two-pier passenger terminal,
and Foreign Trade Zone No. 3, located on San Francisco’s northern waterfront. Container and
Ro-Ro facilities include South Terminal with three berths and a 36-acre Intermodal Container
Transfer Facility, and North Terminal with seven berths. An automobile terminal at Pier 70 has
one berth. In addition, there are 11 breakbulk facilities at the Port. Bulk cargo facilities include
one terminal with a grain-elevator, and two liquid bulk terminals. Expansion of South Terminal
by two container berths is planned, and the Port further hopes to find sites for up to five new
container berths.

Oakland

Situated on the mainland side of San Francisco Bay, the Port of Oakland occupies about
20,000 acres of land, stretching along the waterfront for approximately 19 miles. The Port’s
marine terminal facilities are located in the four areas known as the Outer Harbor, Middle
Harbor, Seventh Street, and the Inner Harbor. The Port consists of 29 berths of which 24 serve
container, combination container, breakbulk, and Ro-Ro vessels. In 1987, the Port handled
14,176,OOO  tons of cargo of which 12,360,OOO  tons was containerized.

The Outer Harbor complex has four terminals with 10 berths, including a multi-purpose
general cargo facility for break-bulk, container, and Ro-Ro traffic, and a new intermodal container
transfer facility. Between the Outer Harbor and the Seventh Street area is the new Carnation
Terminal covering a 30 acre site which accommodates the latest generation of container vessels.
The Seventh Street complex has two terminals with eight berths fur container freight. The
Middle Harbor complex consists of two terminals with a total of six berths. One is a multi-
purpose terminal which handles conventional and Ro-Ro vessels, has facilities to accommodate
heavy lift and break-bulk cargoes, and provides cold storage. The second terminal is the steel
import center for northern California.

Other Ports

The Port of Sacramento is situated off San Francisco Bay up the Sacramento River, some
79miles via the Sacramento Deepwater Ship Channel. Handling grain, rice, and various other
bulk commodities, the Port consists of five berths (three wharves, two piers) and two barge slips.
A Foreign Trade Zone has been established adjacent to the port. The Sacramento Deepwater
Ship Channel is being widened and deepened with completion scheduled fur 1994.

The Port of Stockton is located 222 miles due east of the Golden Gate Bridge, the
entrance to San Francisco Bay. There are three bridges to navigate enroute to Stockton on the
124 mile Stockton Ship Channel. Berthing facilities are available fur nine vessels. The Port
handles containers, bulk, and breakbulk cargoes, and has one multi-purpose dock for Ro-Ro
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COLUMBIA RIVER

General Information

“The Columbia River and its tributary, the Willamette River, is the must commercially
important U.S. river system emptying into the Pacific Ocean. Deep-draft ships navigate the
waterway to Portland and Vancouver, and barge traffic navigates the Columbia River to Pasco
and Kennewick, WA some 329 miles from the entrance.’ (Lloyd’s) It should be noted that
traffic must negotiate bridges in the Portland vicinity. The entire Columbia and Willamette
waterway is an important salmon spawning ground.

The major ports of the Columbia and Willamette Rivers, being Astoria, Lungview,
Portland, and Vancouver, handle some 40 million tons of cargo annually. Exports include lugs,
lumber and other forest products, grain, flour, chemicals, fruit, fish, general and containerized
c-irgo. Imports are coal, petroleum products, bulk salt, bulk cement, alumina, and general and
containerized cargo.

Portland

Situated on the Willamette River, the Port of Portland has five public terminals in
operation, encompassing over 17 multipurpose berths fur handling container cargo, Ro-Ro cargo,
forestry products, and refrigerated cargoes. Also available are warehouse and distribution
operations with covered storage space and open area. One terminal is devoted to a grain
elevator. Tanker terminals provide 34 berths for the eight oil company operations. All terminals
are connected to the railway system. In 1989 9,260,848 tons of cargo were handled by the Port.

Future developments for the waterfront of Portland include the construction of a new
automobile dock to accommodate the.latest generation of combination auto-container carriers.
There are also plans in place to construct more container berths, extra container storage area, and
another automobile berth.

Vancouver

Vancouver is situated on the Columbia River upstream of the Willamette River junction.
Its facilities include general cargo wharves (four berths), and bulk cargo facilities (one berth), a
grain elevator dock (two berths), a cement dock and an aluminum duck (one berth each). There
is one privately owned tanker terminal. Automobile carriers and Ro-Ro vessels have a low profile
in Vancouver. Three major railroads serve  the Port. The Port’s principal imports and exports
include grain, mineral concentrates, fertilizer, wood products, paper products, steel, automobiles,
and livestock. In 1989, 4,161,674  tons of cargo were handled with a total of 338 vessels.

Expansion plans for the Port of Vancouver call fur additional storage capacity for dry bulk
commodities to be built on a recently acquired 33 acre site. There are also two deep water sites
available for development along the navigation channel.

Other Ports

Situated at the mouth of the Columbia River, Astoria is the first port of entry on the
Columbia River. A landlocked harbor, its container and Ro-Ro terminals are comprised of three
piers, with warehousing and open storage areas available. The Port handles such cargoes as logs,
woodpulp, newsprint, paper imports and exports, and fuel imports.
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PUGET SOUND

General Information

Puget Sound is a major inland waterway system setving  the U.S. and Canada. The Puget
Sound port system includes the ports of Seattle and Tacoma, and the smaller ports of Port
Angeles, Port Townsend, Everett, Bellingham, Edmonds, Olympia, and Anacortes. Three U.S.
Navy facilities are in the Sound. There are several oil terminals throughout the Puget Sound
system, and three major oil refineries. Inbound and outbound traffic is reported by the Port
Needs Study to be at a rate of approximately 30 ships per day. The area has frequent intra-
/interstate barge traffic including those that move large rafts of logs.

Seattle
Located on Puget Sound, Seattle is a nearly landlocked harbor in Elliot Bay. Besides

Elliot Bay, there is also an inland harbor area, comprised of the fresh water Lakes Washington
and Union, which is connected with Puget Sound by the Lake Washington Ship Canal. Seattle is
the major commercial port in the Puget Sound waterway. It handles approximately 1.2 million
TEUs/year  of container traffic, and also services a mix of bulk and general cargo, including
automobiles. Petroleum is limited to refined products in relatively modest amounts. The Port has
20 terminals for general commerce with 58 berths to handle various commodities, container and
Ro-Ro facilities covering some 95 acres, tanker terminals with seven berths, and bulk grain
loading facilities. Seattle is home to Foreign Trade Zone No. 5.

Principal imports are general cargo and automobiles, while exports include grain and
cereals, fish, woodpulp, and waste paper. Though Seattle has little room for further large-scale
development, expansion and renovation of the existing auto import and oil rig berthing terminal is
planned, in addition to a new passenger terminal.

Tacoma
The Port of Tacoma, situated on Commencement Bay at the south end of Puget Sound, is

a natural harbor with facilities which include 34 deep-draft berths located’on three waterways.
There are seven terminals fur container and Ro-Ro cargoes, including the Blair Terminal for log
exports which handles over 1,000,000  tons of logs/year, and the Pierce County Terminal, the
Port’s major vehicle import center. The Port has ore handling facilities (four berths) , a grain
facility (one berth), and one oil refinery. Foreign Trade Zone No. 86 covers 638 acres.

Reference Publications:
Lloyd’s Ports of the World
Pacific Gateway - Pan of Tacoma, Summer 1992
USCG Port Needs Study - Volume II: Appendices, Part l/August  1991
POH of Seattle 1991 Annual Repori
Port of Tacoma Annual Reports 1987-1991
Port  of Tacoma Facilities & Services Summary
Thk Blair Watetway  2010 Plan



~chorage~  with over half of the state~s  ~pu~atjun, is the ~nancia~~  ~mrnercia~~  and
transpu~atjun inter of &ask;. The IlO-acre Port of ~churage  is ~~at~ one mile  north of
~churage  in the upper Cook  Inlet;  The wate~ay extends 175 mifes  frum the entrant  of Cuuk
Inlet to ~churage~  and is over 60 m&s wide at its bruad~t  evade. ~churage  serves as the
p~rna~  port of entry and exit fur the state’s general cargo. In add~t~un  to shipping,  ~churage
support uf~hure oil pruductjo~e~~oratiun  and major cheat-  It is the must northern deep
draft port in the United Stats, and is open year round, Some drift and harbor ice is present
during inter months ~Nuvember  through Aphid.

For two decades the Port has e~erienced  si~~~cant gru~h. In 1961, the Port of
~chorage  insisted  of a single pier which Handel 2~ tons of cargo a year, The Port’s
fac~~jt~~  have e~anded to include  a 2,524-foot  duck with modem freight  handling  s~tems that
currently  muve over two rni~~~on  tons annually.  The Port pr~ent~y  has five term~na~s  whjch  are
capable  of handling  every type of standard cargo vessel: ~ntainer,  Ru-Ru, petru~eum  and dry
bulk, as web as specia~~~d  carriers fur autumubi~~~  ne~print, and ~ment. Two of the te~~na~s
are specj~ca~~y  d~jgned  fur a~mmudatjng  petru~eum  and the other three handle ~ntajner~ Ru-
Ro, and breakb~~k  cargu~

Total annual tonnage Handel  those same yeas steadily  c~jrnb~  from 1,~~,5~  to
2,312,725 tons - this included  petru~eum  which ruse during  that time from 3~~914  to 925,173
tons. The yearly totals fur vessel arrivals from 1986 to 1991 varied be~een  417 ~1989~ and 571
~~~88~~

~ans~un  of the Port of ~churage  waterfront is in prongs at Ship Creek.
De~fe~opment  wilf pro~de fur a mu~tjpu~ose  duck with ~ feet of berth area fur cruise ships and
uther large vessels, and over 30 addjtjuna~  acres fur ma~t~me  and ~nd~tria~  uses. An additiuna~
acqu~sjtjun  jnc~ud~  1,400 acres of tjde~and  to pru~de  fur hong-tea  deve~upment.  ~churage  has
app~jed  to becume  a Furejgn  Trade Zone,  and sturage and tra~jt  areas are already deviated  fur
this purposes  ~ng~term  facj~j~ deve~upment  target Fire Island  near ~churage  ~nternatiuna~
~rport (this would require brjdg~ to be bursts,  and a new te~ina~ at Point MacKenzie  across
the Knik  Arm frum ~chorage~ as putentja~  sites fur the e~anding  port.

Reference Pub~jcatjuns~

Loomis Ports uj~he  World
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IL4WAIIAN  ISLANDS

General Information
By its very nature, Hawaii’s history is steeped in its maritime heritage: the Polynesian

voyagers were the first to set foot on the Hawaiian Islands; the Western world discovered the
islands with Captain James Cook’s landing in 1778; the great whaling era of 1820-1860 further
populated the islands; the opening of the Panama Canal in 1914 began trade routes to the Far
East; the building of the Aloha Tower in 1926, the completion of the then “deluxe’ Diamond
Head Terminal (Honolulu Harbor’s Piers 1 and 2 today) in 1955, and now the Barbers Point
Harbor expansion project have brought Hawaii to the 21st century as a recognized port in the
world.

Consisting of seven deep-draft harbors and one medium-draft harbor located on fwe
different islands throughout the state, the Hawaiian port system has a growing role in the
emerging area of the PaciE:. Harbors within the Hawaiian port system include Barbers Point
Harbor (Oahu), Hilo Harbor (Hawaii), Honolulu Harbor (Oahu), Kahului Harbor (Maui),
Kaunakakai Harbor (Molokai), Kawaihae Harbor (Hawaii), Nawiliwili Harbor (Kauai), and Port
Allen (Kauai).

In the fiscal year ending June 30, 1986, there were over 4,300 ship movements throughout
the Hawaiian port system. Of these, 1,968 were overseas voyages between Hawaiian ports and
ports on either the North American continent, the western rim of the Pacific, or at a distant
Pacific island. The Port of Hawaii system handles over 20 million short tons of cargo annually.

Since gaining statehood in 1959, Hawaii’s foreign trade has grown by some 4,000 percent
from a total of just over $52 million to over $2 billion today. The development of two major oil
refineries at Campbell Industrial Park near Barbers Point on West Oahu significantly impacted
Hawaii’s international trade pattern. Today, more than half of the state’s international trade
focuses on petroleum products. Crude oil is imported from Indonesia and Australia.

The Port of Hawaii system is the United State’s closest major port to the rapidly
expanding economies and industries of the Pacific Rim, particularly the Far East. Over 85
percent of Hawaii’s $2.1-plus  billion in trade is with Pacific Rim nations. Foreign trade is
concentrated on Pacific Rim nations which accounted for 89.9 percent Hawaii’s imports and 90.7
percent of the state’s exports in 1985. More than half of the imports are automobiles with
electronic products accounting for much of the balance.

Hawaii plans to promote its location as a mid-Pacific fueling stop for trans-Pacific
shipping. By taking on bunkers at Hawaii, shipping lines can carry more paying cargo at relatively
little sacrifice in overall sailing time.

Honolulu
! Honolulu Harbor, among the 10 largest container handling ports in the U.S., is the major

commercial harbor of the Hawaiian port system. Containerships and tan,kers,  inter-island and
ocean-going barges, auto carriers, and bulk cargo ships are all seen in Honolulu Harbor on a day-
to-day basis. Bulk cargo imports and exports consist of such commodities as pineapple, sugar,
grain, molasses, scrap metal, concrete aggregate, sand, and coal. Hawaii’s Foreign-Trade Zone
No. 9, located at Pier 2 in Honolulu Harbor, offers more than 300,000 square feet of warehouse,
office, and exhibition space, and in 1987 was expanded to include over 1,050 acres of land within
the boundaries of both the Barbers Point deep-draft harbor and Campbell Industrial Park (oil
refinery).



Barbers Point
A new har~r~ the second  d~p~raft  ~~ere~a~  har~r  of Uahu, is now under

~nst~ct~un  and already  in use at Bared Point Har~r~ west of Hunu~u~~  Harbor.  Tfie  first
building  phase uf the har~r  was ~rnp~et~  in 1985 with a Z-acre harbor basin and entrant
channel. The 38~f~t deep harbor has some 4~7~ feet of wave absurdly being areas, and
na~gat~on  aids. A miter plan pro~d~ for anticipate  gro~h  through the year ~~~~.  Future
d~e~upment calis fur a ~,~-f~t pier, a ~nta~er  yard and bulk cargo fac~~~t~~,  storage areas, a
back-up yard and mead  ship super  setices.

Other Hares
Hila Harbor is Hawai~~s  second largest ~rnrnerc~a~ harbor. It prude a wide range of

rna~t~rne  fac~~~t~es  and services and is the major d~t~but~on  center fur the “Big ~~and.~ An
e~ansiun  program is in prongs  which  will improve  and eland both cargo and cruise ship
faci~jt~~.  ~wa~~a~ Har~r is the s~ond  dip-draft  har~r  on the “Big Island”  and Handel
both ove~e~ and inter-js~and  cargu. As a port it has ample r~rn fur future e~ansjun,  and is
strate~ca~~y ~ucated to play a bigger rule  in the prupos~ deve~upment  of West Hawaii. ~~u~u~
HEART is the only deep-draft harbor fur the island of Maul, and pro~d~  a ~mp~ete  range of
mar~tjme setices and fac~~iti~  to meet the chants  need.  The har~r  is a regular stop fur
p~senger cruise ships. The other three hares in the Hawaii port s~tem, ~una~~~ H&~~~,
Na~~~~~~ Harden, and Port tifen, are quite small but all have facj~jt~~  fur handling  shippjng  and
cruise line  vessels. The Unity States Navy base at Pearl H~r~~~  sume  six naut~ca~  miles west of
Hono~u~~  Harbor, is closed  to ~mrnerc~a~  vessel tra~c.
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